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" HEAT AND SOUND INSULATING LOOSE FIEER MATERIALS — materials uced -

- for féduc;ng the heat transfer between the insulated object and the

ﬁurrounding medium and for sound insulation from it. By their struc-
ture a distinction 1s made between fibreous, cellular, grain-type and

laminar heat and sound insulating loose fiber materials. Compcsitions

E from various materials are also frequently used in 1nsu1ation designs.

The following fibers are used as the starting raw material for
loose fibder materials: a) organic, i.e., natural (cotton, wool), ar-
tificial and synthetic (viscose,‘capron, nitron, coal, graphité); b)
;porganié, (asbestos, glass, kaolin, quartz, silica, from slag, etc.).
Magnesium carbonate, perlite, silica-gel, colloidal silica, carbon
ﬁl&ck,'diatomite crumbs, refractory oxides, etc., are used for powder
heat and sound insulating‘loose fiber materials.

The temperature range in which heat and sound insulating loose

fiber materials can be used depends on’théir chemical composition and

-’broperties. The majority of the materials has a porous structure,

which imparts to them high heat protection properties with a relative-

~ly low specific weight. Fibreous materials, powders and vacuum de-

signs are the most effective insulators.
- The thermal conductivity of heat and sound insulating loose fiber
materials depends on the temperature, specific weight, moisture con-

tent, fiber diameter (particle size) and a number of other factors.

Heat and sound insulating loose fiber materials with communicating

pores have good sound absorption rroperties and are used in designs

simulthneously as heat insulating and sound insulating materials. in
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increase in the sound absorption at low rrequencies is obtained by
making the absorbinglla&er thicker and'providing an air gap (space)
between it and the retaining wall. The greatest absorption 1is obtained
with the air gap width equal to & half-wave, since then the absorber
is located in the zone of greatest VIbrations and friction losses.

The following kinds of heat and socund 1nsu1at1ng lcose fiber ma-'

terials are most efftcient.

I. Materials from organic fibers (maximum working temperature up

to +120°).

Quilted v '

1. VTQ (TU MPTShP 340-55) — quilted mats from the waste of drawn
or nondrawn capron staple tiber; The material bdburns and meits weekly,
after the flame source is removed, the burning ceeses. The presence
of admixtures of other fibers, 1nc1ud1ng glass fiver, 1s not permitted,
since it increases the combustibi’ity.

- VT4 1s used for heat and sound insulation of ships, cﬁtters, air-
craft, service premises;_ventileting 1nsta11atioﬁ§;;§ibeiines; when ‘
faced by capron fiber 1t_1s fungus resi;tant and suitable for use in
a humid atmosphere. The the 1 conductivity ceefficient for a speci-
fice weight of 50 kg/mgeis expressed by the equation A = 0.032 (1 +
+ 0.0056 tsr)' The tempefatur range of epp11cation 1s —-60-+120°.

2. ATIMKh (MLP TU 1845~5;) — quilted mats from antipyrine-treat-
ed (with fire-proofing impre r1ation) cotton (loose cotton), faced on
both sides by antipyriheftrea%ed cotton gauze. After the source of
fire is removed, ATIMKh'does-AOt burn or smolder. The thermal conduc-
tivity coefficient at an average temperature of-20° is 0.03 kcal/m-
hour-°C, it is highly senuitije to moisture and may rot. ATMIKh is

.used in the form of blanks or kanels faced by decorative fabrics, ma-

terials, rigid retaining walls, its high sound absorption characteris-
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tics and low cost make it possidble to use this material in ventilatihg
installations of dry premises. The blanks and panels can be glued by 4}
glues 88 (up to 90°) and PU-2M, thumb tacks or by lathing. The temper-
ature range of application 1s —60-+120°, |
With an Organic Binder Base

1. VT4S (VIU STU35-115-61) — rcovers frca crawn and nondrawn capron
staple fiber with polyaxzide binders, i.e., varnish (FTU MKhP M319-53)

e A i e S

or glue PEF2/10 (VTU'GKhPK P38-56); 4s produced in thicknessas of 15,
20, <5 and 3 wn ana is correspondingly marked as VT4S-15, VTkS-QO, B
VT4S-25 and VIU45-30; burns and melts weakly, after the source of flame
is removed the burning ceases. Admixtures increase tre combustibility
and are not permitted. The thermal conductivity coefficient for a |
specific weight of 25 kg/m3 and an average temperature of 20° is 0.032
kcal/m-hour-*C. VT4S is used in the form of blanks or panels, faced
with decorative fabrics and materials, as heat and sound insulaticn of
ships, cutters and aircraft. The blanks and panels are fastened in the
same manner as ATIMKh. The material 1s easily deformed under load upbn
installation and use; it i1s suitable for operation in a moist atmos-‘
phere. The temperature range of application is —60-+120°.

II. Materials from inorganic fibers (maximum operating temperature

from 100° to 700°).

With an Organic Binder Base

1. Heat and sound insulating plates (Tables 1 and 2) ere made from
staple glass fiber obtained by vertical dlowing and a binder, 1.e.,
brand M*-17, SP-2, B, etc., synthetic resins.
| The hygroscopicity of the plates after they are held for 5 days
at a relative air humidity of 65% does not exceed 6§%. Brand "A" plates .
are faced on one side by a dense glass fabric from nonalkaline glass.

The plates are used as heat and sound insulating materials aboard"
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ships, river boats, refrigerators, autobuses, railroad cars, the tem-
perature of the insulated surfaces being-—66-+loo‘.

The rolled glass fiber material (VIU-13-59) 1s made from staple

glass fibers, which are obtained by dlowing and are bound by synthe-

tic resins (MF-19, B, and SP-2). The dimensions of the rolled material

TABLE 1
Indicators of Heat and Sound Insulating Plates

P 3 Paswepu 53“ *-55 g!s éé ¢
‘ [ 51 |§2e i3 2%
Mopww nanr s TY | PMANC | TAWRA G mapwwA g 10 a3 s& T i‘ ’
Soaee) '“‘:."‘)“ iu“ 2; é o g. §‘
- gl
L L]
= 1) HEEHEARH
12.ipll A BTY12-58 | 20-60 100 t00, 50 | 20, 30,40 19 s 1% L1 ]
Maprs B RTY 12.37)1320—04 100 | too, 50| 20,20,40 | 13 ' 15 | 8
Maprs A BTY 65—~
332-5n . .1 50~80 100 100, 80 | 30, 40,50 13 L4 35 [
Mapra B. 75 e LB | s0-60 100 | to0, S0 | 30, 40,80 | ti 3 13 | 90
BTY 1308 ra 7.} 4080 1100,90,30{ ton t:o. 40,50,801 1% 3 ts [ X}

1) Plate dbrands and TU; 2) specific weight (kg/m3, not more than); 3)
dimensions; 4) average fiber diameter (microns, not more than); 55 con-
tent of nonfibrous inclusions (%, not more than); 6) resin content

(%, not more than); 7) resilience (restoration coefficient, %); 8)
length; 9) width; 10) thickness (mm); llg cm; 12) brand A VIU 12-58;
13) brand B VIU 12-58; 14) brand A VTU 965-352-58; 15) brand B, same
as above; 16) VIU 13-59. _ o o

TABLE 2
Heat and Sound Absorption Characteristics of Plates

iCmu- TeuNeDATY DA w3nannan (° C) 0 20 ‘ (1] [T} too | 120

Kosgd. TaR0NPOROINO-TE (ver4im-vee-*C) ., | 0.031]0.032]0.034 0,097 o.ou]o.os:
ascror (sy) )y 200 | 400 | 00 | 000 | 2000 | 8000
Enos0. seywouncaomeman |0 30 [0.43 [0.80 |o0.5¢ [o.00 [o.68

SQn;ormenn:

1) Average temperature of the insulation (°C);

2) thermal conductivity coefficient (kcal/m-

hour-°C); 3) sound absorption; 4) frequency

(cps); 55 sound absorption coefficient.
are: thickness (mm) 20, 30, 40, 50, 60, width 100 (cm), roll diameter
up to 80 cm, fiber diameter not more than 15 microns. Specific ﬁeight
'30-65 kg/h3. Binder content from 1.5 to 16%. The rolled material from

nonimpregnated staple fiber with 2.5% of lubricant, specific weight of

- 35 kg/m3, average fiber diameter of 12 microns and temperature of 20°

1826 /
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has a thermal conductivity cbefricient'or 0.036 kcal/m-hour-°C. The |
sound absorption for a U5 mm thickness of material is characterized by s
indicators given in Table 3. - ' ' i

TABLE 3 . _ |
'Sound Absorption Characteristics of Rolied Material

1 Yecrore (re) i.:ao | 30w [ 40 | soe ! tonn | 1200 | 2000 | 3000
o Koot saymonorarmenes . . l 0.82 [ .02 , 0.60 | 0,62 i 0.68 l o.ul s et ’
1) Frequency (cps), 2) sound absorption coeffi.
cient.

The material 1s used as'éound insulation in residential and in-
dustrisl constructicn,'céoling equipment and pipeline insulation and
in petroleum refining apparatus. The temperature range of applicaticn
1s —-60-100°. |

3. Mineral wool producto FMV-Kh (VIU 965-2183- 52 MSPTI and MSP)
— lumpy heat insulating mater1a1 consisting of 52% mineral wool, 17%
grade IV asbestos, 18% calcined vermiculite, A% bentonite clay and
9% brand Sh bitumen. The_specific weight of the products is not higher
than 300 kg/mB. The therﬁal cdnductivity coefficient at a temperature
of 20° 1s not higher than 0.055 kcal/m-hour-°C. The ultimaste flexural
strength is ot less than 1.6 kg/cma. the moisture content does not
exceed 5%. They are used for heat insulation of pipélines end ship
systems. The temperature range of application is up to +100°.

L. Mineral wool mats with a titumen binder base (VTU L2-47 MSPTI),
‘speciflc weight'225 kg/m3, theimal conductivity coefficient at 20;30‘
not higher than 0.052Akcél/m;hour-°c; are used for heat insulation of
1ndustrigl installations and equipment, and also for enclosing struc-
tures of bulldings. The temperature range of application 1is up to +10C°.

5. Mineral felt with a bitumen binder as a base (GOST 6125-61) 1s
made with specific weights of 150, 200 and 250 kg/m3, at 30° the ther-

. 1827 |
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mal conductivity coefficlent is, respectively, 0.05, 0.055 and 0.060

kcal/m-hdur-’c;'The;ultimate tensile strength along the layers, depend- .f

ing on ﬁhe brand, is not lower than Q.de-o.lh kg/cmz; it 45 used for
heat insulation of 1ndustrial installations, pipeiides and equipment,
as well as for enclosing stfucthreg of bdbuildings witﬁ a temperature of
+60° (inside the buildings). | |

6. ATIMSS (TU MLP 1520-57) - porous covers from stéple glass
fiver 5-7 microns in dlameter with an alcohol solution of the IF or
B bakelite varnish as the binder._Al&minum-borosilicate glass which
is used for making ATIMSS should contain not more than 2% alkcline
metal oxides. ATIMSS doe: ot burn or smolder. For characteristics
of ATIMSS see Table 4.

ATIMSS 1s used for heat insulation of aircraft and other commun-

"1cations-facilities in a température range of —60-+150°. At higher

operating temperatures the dinder (varnish) burns out and the material
becomes more dense; it 1is used in the form'of panels and blanks faced
by the AZT or ANZM materials. The blanks.and panels are fastened in

the same manner as ATIMKh. The thermal conductivity coefficient for

a specific welght of 25 kg/m3 i1s determined from the equation A = 0.03
(1 + 0.0093-tsr). The temperature range of application is —60-+150°.

7. ATM-1 (MRTU 6-11-11-64) — porous covers (mats) from ultra:uper-'
thin staple glass fiber with é diameter up to 2.5 hicrons and with the
VR-1 phenolformaldehydé resinuag arb;ndgy. On one side,the covers are:
faced by & layer of aluminum foil 20 microns thick (GOST 618-62) or by
a synthetic film. The material without the film does not burn or

smolder. The thermal conductivity ccefficient for a specific weight of

10 kg/m3 and an average temperature of 20° is 0.027 kcal/mfhour-‘c.

ATM-1 1s used for heat and sound insulation of aircraft, in the temper-

ature range from —60 to +150°.
1828 .
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35 and 40 mm and, depending on the facing 1t 3 marked us: a) ATM-1-20.F |
when faced on one side with aluminum foil; b) ATM-1.20-p, AT™M-1-25.p,
ATM-1-30-P, ATM-1-35-P ang AT™-1-40-P when faced on one side with a
synthetic film; c) ATM-1-20-PP, ATM-1-25_pp, ATM-1-30-PP, ATM-1-35.pp
and ATM-1-40-PP when faced on both sides with a Synthetic film; d)
ATM-1-20, ATM-1.25, ATM-1-30, ATM-1-35, ATM-140 wher. no facing 13 ap-
Plled. Indicators of ATM-) are given in Table 5. |

TABLE 4

Dimensional ang Welght Char-
acteristics of ATIMSS

Paswerw nosors. | § | t
0 __tineru nasors. s lecy
5 P mupe. ,‘_"3i f‘.
Mapws r08- na L] 0~
mung ~L ;g ::5
1 (aa) 8 (em cs[&¢
ATHMCC- 19~2 l:"!5’ 9528 g2s] 29
ATHMCC.2 20-21130¢s ) engs| gipf 3
ATHMCC-28 | 25313033 935837 g7 29
ATHMCCY0 30—211302s 93287 manf 2%
ATHMCC-80 $0-31tanzy 952511378 28

1) Brand; 2) cover dimensions; 3) weight of a m2 (g, not more than); .
specific weight (kg/m3, not more than); s) thickness (am); 6) length;
width; 8) cm; 9) ATIMSS. _ o

-
U

TABLE 5 _
Dimensional-and Weight Characteristics of ATM-1
13 "
T " 3 UWnpuna, em Bee | a2, 4 i
apw 2ae- Lruna, neewn- doxmrs naenRy naenxs :
"""4, (ex) uoo: ®C e gomrod | ¢ oamos € nawoRt € anyx e e
¥ ojens ( 2 nasnnng croposu?| cropom | eropon ennuk
< L0
[ ;
2044 $50-gno 3580 8-54 220240 190239 220260 180200
2544 330400 $5—49 46-34 280-310 | 230280 | 330310 200239
30+4 880300 8340 [LENYY 100-5¢0 210339 300380 $60—100
3%e4 53%0—600 8540 [T 23 1Y 340—-410 310380 380-410 SA0-350
40+4 $50-600 $5—40 LY B8 1Y 380—480 330430 187460 320400

be within the limits of 8.10

1) Thickness under a pressure of 1 g/cm? (mm); 2) length (cm); 3) 'width
(cm); hg weight of a me, 85 5) unfaced and With a film; 6) with the
foll; 7) foll-faceq on one side; 8) fiim applied to one side; 9) fi1m

d o

The specific weight of ATM-1 :é}hgut the facing should
m3. S

applied to both Sides; 10) unfaced.
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8. Mineral felt with synthetic résin<bﬁses is made in the form of ‘
rolled material or gats; specific weight not higher than 100 kg/ma,
The thermal conductivity éoerficient'at 30 1s 0. 037'kca1/h-hour~'c{
Hygroscop 1c1tg - the amcunt of moistnre after 15 days comprises 3-“5
The felt can te uced at 150"andjhigher temperatu:es, dependirig on thg,:
~ binder properties. . | '
9. Mineral wool mats with synthetic resin baaes (VTu 10&-R3 of
the Buliding Ministry) are'made'Of ywo brands, i.e., $-100 and S-125;':”'m2
the specific welght, respectively,vis 100 and 125 kg/m3._The thermal
conductivity coefficient at 5C° 15.0¢69-3.0h5'kcal/mshour-‘c. The ul-

timate tensile otrenhth cf S- Q0 1is not lower than 0.05 and or §-125:

is not lower than 0.10 xg/cm . The crganic binder content 1s not high- -

EIESR 2 o . ¥

er than &%, moisture rontpnf not above 1%. The mats are used for heat

insulation cf industrial inatallationP and equipment, and also for the:;.

enclosing s*ruct -es of buildingo at temperatures up to +130°. L
10. ¥* 'ral wool-asbestos plates KCh (TU 95-52 MSPTI)L”Specifiﬁ;{;Q i

welight 35C and 400 kg/m3 with the corresponding branding Qs " 350" and |

"400." The plates consist 6{ €2% mineral wood, 21% grade V asbestos,

12# bentonite clay and 5% brehd V' bitumen.bThe thermél conductlvify A

coefficient at 50° 15 not.highéi than 0.068-6.073 kcél/m-hour-°c; the.;?-

ultimate strength in flexuré;is_2.5e3.0 kg/cm2 the moisture content 1is

not adove 5%. The plate dimensions are 1000 X 500 mm with thicknesses.

of 25 and 20 mm. They are uaed for 1nsulat1ng refrigerators, industrial j

installations and exziyment The limiting temperatureo for bullding-
installed objects i* 1D to +15

With an Orranosilicon Binder Baue ::

ATIMSSK (STU 39-116- 61) -~ covers from staple glass fiber 5-7 mi-
crons in diameter with organosiliqon resin as the binde:. The glass
fiber 1is made from aluminum EquSillcate.glass containing not-more

1830
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v(cm) 3) width (cm); 6) specific weight (kg/m3) not more than; 7

III-23t8

tran 2% of alkaline metal oxides. The dinder used 1s a toluene solution
of the M.]l or K-h7 organosiliccn resins. The thickness of the material

1s 15, 20, 25 and 30 mz and the brands are named, respectively,

 ATIM3SK-15, ATIMSSK-20, ATIMS5X-25 and ATIMSSK-30. The dimensions of

the covers are: length 130 + 5 cm and the width 95 + 5 cm. Specific

.weight 25 kg/m3 Binder content 15-30%. The thermal conductitity ccef-
ficlent 1s expressed by the equation A = 0.03(1 + 0.0093-tsr). It 1s

used in the form of panels for heat 1nsulation of aircraft in the tem-
perature range from —60° to +350°. The ANTM-1 zaterial, which 4s suit-
adble for operation at temperatures up to +200°, 1s used as the facing
.material.
Quilted (without a binder)

1. AT™M-3 (VTU 35 ShP-1-62) — quilted mats from ultrasuperthin
staple glass fiber with a diameter up to 2.5 microns, 1s the lightest
quilted material (Tabdble 6).

TABLE 6

Dimensional and Weight Char-
‘ ‘ acteristis of ATM-3

Mapme 'y we | aawma.| Bupe- 5;! :.-i
wouse | (em) ::') b
(am) 4 ¢ -!' !l

0«3/ 60--5 | 30 390
Lt T LES B AN 400
N5 an—9s (1] |00
05 60—-3| 40 e

3-8
3401 4
ATM-2-181
-3-30) 2

1) Brand; 2) mat dimensions; 3) thickness, not less than (mm); 3 length

welght
not more than.

The standard moisture content of the material is not higher than
2%, and the chlorine ion content in water drawing should not exceed
0.03%. Leaching out in terms of Na20 not more than 5 mg. ror a standard
specific weight of 40 kg/m the thermal conductivity coefficlent is

0.041 kcal/m-hour-‘C at a temperature of 160° and 0.06 kcal/m-hour-*C

1831
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at a temperature of 260°,

2. Mats and strips for heat insulation (GOST 2245.43) from drawn
~and blown\glass fiber are made in the form of quilted products of var-
ious lizeé. The mats are usgd for heat insulation of flat and cylin-
‘dfical surfaces with a large radius of curvature, while the strips are
used for insulating cylindriéai surfaces of pipelines with a szall
radius of curvature. The temperature rangé of application 1is —=60-+4500°.

3. ATIMS (VTU LP S-1-57) — quilted mats from nonalkaline staple
glass fibdber with a diameter of 5-7 microns are éroduced of the follow-
ing brands: ATIM S-5, ATIMS5-10 and ATIMS-15. The material does not
burn or smolder. The tiermal conductivity coefficlent for a specific
weight of 100 kg/m3 15 determined by the equatidn A = 0.026(1 +
4+ 0.009°t_ ). ATIMS 15 used for insulating pipelines and units opera-
ting at temperatures from -60 to +450° or for short periods of time up
to +60C°. | '

4. ASIM (TU MPSM 102-53) — quilted mats from glass fiber of alka-
line composition (fiber diameter lbvmicrons), faced by glass fabric
" and sawn through with glass threads. ASIM brands are ASIM-S5 and ASIM-9.
ASIM does not dburn or smoldef. The thermai conductivity voefficient 1s
deterained by the equation A = 0.023(1 ) 0.056°t ). ASIM 1s used for
insulating pipelinés and other compohents and units operating at tem-
peratures from —60 to +400° or for short periods of time up to +500°.

The ZhST (TU 1135-51) and ZhST-15 (TU €60-51) glass heat insulating

packing cord consist of a core made from glass fiber 19 microns in di-

‘ameter and a mesh braiding, formed by interweaving of 12, 16 and 24
twisted glass fibers along a spiral; they are used as heat 1nsu1at16n
of pipelines and other units with a complex geometric shape. Tempera-
ture range of application ~60-+500°.

III. High temperature resistant from quartz, silica and ceramic

1832
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fibers (maximum operating temperature up to 1200° and above).

1. Materials from silica fiber (VTU 13-52} (fabrics), contain 98%
gillicon dioxide and are obtained by treating aluminum borosilicate
glass fiber and products made from it with acids. As & result of heat
treatment at temperatures of 800-1000° the silica materials shrink end
upon secondary heating become stabilized and retain their geometric di-
mensions. The sintering temperature of silica materlals 1s 1450-1500°.
The specific heat of the material is 0.2 kcal/kg-*C at 20° and 0.25
kcal/kg-C* at 1000°. Materials from silica fiber are used for heat in-
sulation of various pieces of equipment at temperatures up to 1200°,
they are also used as gas filters and sound absorbing materials.

2; Materials from graphite and coal fibers with a 1limiting appli-
cation temperature up to 2500° (for short periods of time) are made by
thermochemical treatment of fabrics mats and felts from organic fibers,
have a sufficient resilience, chemical inertness (resistance) to the

effect of alkalis and acids (except for strong oxidizers) and high

heat resistance. At low temperatures (~196°) and in the region of above-

zero temperatures up to +400° the graphite e.d coal materials do not

oxidize. At higher temperatures they increase their mechanical strength

and are not oxidizabla in a reducing medium. Coal materials have higher.

heat protection properties than graphite materifals, but contain several
percents of volatile substances.

Graphite and coal fibreous materials can be used for heat insula-
tion of various objects, in the making of vessels for corrosion-aggres-
sive fluids, filters, heat resistant gaskets, etc. The temperature
range of application 1s up to +400° in air, at higher temperatuvres they
can be used in protective atmosphere.

IV. Heat insulating materials for deep freezing. Deep freezing

equipment makes extensive use of liquefied gases which are stored and

1833
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trinsported in the presence of materials and designs which make it pos-
qible to reduce to & minimum the evaporation losses, 1i.e., with highly-
effectivé insulation from rine-dispersion pbwders; fine fibers and
other matérials, the thermal conductivity'or which decreases sudstan-
tially with the temperature (see Tabdle 7).

The 1nsulat1hg_eff1ciency'6r}powdered and fibrous heat insulating

materials under standard atmospheric preésurg_;s_;nsufrig}gqg}g‘hignmmmgww“w,

1f, in addition, it is taken into account that they can become moist,
thus impairing their heat 1nsulat1ng'pr9perties. Insulation obtained
by using a high vaédum produced'ﬁétﬁeeh two highly reflecting surfaces’
i1s also not entirely satisfabtbry.:uée‘is made of vacuum-powder insul-
ation which makes it possible, under a'Qacuum of the order of 0.010-
0.10 mm of Hg, to obtain a ihermgl'cphductivity coefficient of 0.005-
0.015. . |

TABLE 7

- Thema1’ conductivity of Heat o e T ST ITIIITILIL T LD TR T T R T T TE T

Insulating Materials

Koabduument resaonposod

1 gi HOC W (AR’ M wie-* C) apw
Ma . §i ‘epuml mmpnn?e ¢
¥ <200 | =100 | —30 | o

Hpobrosan ..
4 wpossws ep-| . 1 - .
S Mo —3an) | 3710,008 [8,017310.22 Jo.028
Knremryp (no-
g pomon) L] 3410.0005[0,.619 {0,0245(0,038
Yraexwrxan | : ,
6 warncran . [131 0,018 0.025 |0.029 Jo.033
ANAROBO 80 ’
‘Lm L] 81 (0,028 (0,038 [0.043 (0,048
fdranosen sl - :
™ . ....} 930,009 [0.017 |0.022 {0,027
9 aonwo ., 147616,072 [0.117 [0.127 [0.1432
Mpolxs 10 107} = - |0.0234 [0.032

1) Materials; 2) specificfweight (kg/m3); 3) thermal conductivity coef-
ficient (kcal/m-hour-°C) at an average temperature (°C); 4) crushed
cork (grain size 3 mm); 5) diatomaceous earth (powder); t) magnesium
carbonate; 7) cotton fiber; 8) slag wool; 9) asbestos fiber; 10) cork.
'To reduce radiant heat transfer use 1s made of screening additions
of aluminum powder»t67thg.aérqgé;.vHoweVer, vacuum screening insulation,
the use of which subétantidiiy reduces the thermal conductivity, parti-
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cularly when the reflecting layer is alternated with<th1n 1nterlayois
from glnss tibers, i1s most efficient. |

Heat insulating and sound absordbing materials are used in ship-
building, mo;or vehicle dullding, in railroad transportation facili-
ties, in aircraft and rocket ccnstruction, in}satellites, space vehi.-
cles, heat, electric and atomic stations, etc.

References: Voprosy glubogo okhlazhdeniya [Deep PFreezing Problems],v
Collection of [translated] articles, edited dy M.P. Malkov, Moscow, .
1961; Kaganer, M.G. and Gletova, L.I., Teploprdvodnost' 1zolatsionnykh
materialov pod vakuumom [Thermal Conductivity of Insulating Materials
Under a Vacuum], "Kislorod" [Oxygen], No. 1, 1959; Kitaytsev, V.A.,
Tekhnologiya teploizolyatsionnykh materialov [fechnology of Heat Insula-
ting Matérials], 2nd Edition, Moscow, 196#; Faktorovich, L.M., Teploizo-
lyatsionnyye materialy 1 konstruktsii [Heat Insulating Materials and
Designs], Leningrad, 1957; Izdeiiya 1z steklyannogo volokna [Glass F1i-
ber Products], Collection of technical specifications, Moscow, 1960.

Y.G Nabatov

Manu-

;;;:Pt [Transliterated Symbols]

No.

1824 cp = sr = srednly = average

1824 . TY = TU = tekhnicheskiya usloviya = téchnical specificatiais

1824 MMM = MLP = Minlsterstvo legkoy promyshlennosti = Ministry
of Light Industry

1825 LIV = VIU = Vsesoyuznoye tekhnicheskoye usloviye = All-Union
technical specification
1825 ¥XI1 = MKhP = Ministerstvo khimicheskoy promyshlennosti =
Ministry of the Chemical Industry
1827 MCl1 = MSP = Ministerstvo sredney promyshlennosti = Hinistry
of Medium Industry
1835
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1827 I'OCT = GOST = Gosudarstvennyy obshgiesoyuznyy standard = All-

Union State Standard »)
1832 M= = legkaya promyshlennost' u light industry | )

1832 XCr = zhst = zhguty steklyannyye teploizolyatsionnyye =
glass heat-insulating: packing cord

1836
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VHEAT CONDUCTION — process of heat trangfer,in'a”nongnirormly
heated dbody, théh is produced by the carrying of enérgy difectly
through the substance by the mdtion of individual moiecuies, atoms and
electrons. (The mﬁcroscopic parts of the body remain here stationary.)
The capacity.of a substance to conduct heat by heat codduét;on is char-
acterized by the thermal conductivity coefficient A [kéal/m-hour-de-
gree], whiéh is the coefficlent of 9roport16na11ty between the thérmal
flux densitv vector 3 [kcal/hour-m2] at any point and the temperature
gradient 9t at the same point of the body: |

| Tt | .

The term thermal flux density denotes the quantity of heat [kcal],
carried per unit time [hour] through unit surface area‘[mzl pgrpendicu-
lar to the direction of 7t. The minus sign takes 1nt§ account the fact
that the thermal flux 1s always dirécted in the direction of decreas-
ing temperatures. The relationship between:§ and vt?éiﬁfesses the er
perimental Fourier law, which comprises one of the fundamentals for
description of thermal.processes.

- References: Livshits, B.G., Fizicheskiye svoystva metallov 1s
splavov {Physical Properties of Metals and Alloys], ﬁoscow, 1959;
Mikryukov, V.Ye., Teploprovodnost' ; elektroprovodnost'_hetallov is
splavov [Thermal‘and Electric Conductivity 6r Metals gnd Alioys], Mos-
cow, 1959; Rink;vTeploprovodnost' (Heat Conduction], In the.collection
Tekhnika vysbkikh temperatur [High-Temperéture Techniques], under the
general editorship of I.E. Campbell. Translated from Engliéh, Moscow,
1959; Kudryavtsvg, Ye.V., Chakalev, K.N. and Shumakov, va., Nestats-

| 1837 B
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| '1onarnyy teploobmen [Unsteady Heat Transfer], Hoscow, 1961; Kutateladzp; »

8.8., Osnovy teorii teploobmena [Fundamentals of the Heat Transfer | 7

Theory], Moscow-Leningrad, 1957; Teplotekhniéheskiy spravochnik [Heat . "

Engineering Handbook], Vol. 1, Moscow-Leningrad, 1957. - -
- | B.G. Livshits, A.A. Yudin

} ' : 1838




HEAT INSULATION CERAMICS — are ceramic refractory materials des-
tined fcr heat insulation at normal, elevated (to 1300-1500°), and high
(to 1750-1800°) temperatures depending on the used raw material and the
refractoriness., Heat inculation ceramics are characterized by an arti-
ficially increased porosity and by a low coefficlent of the heat con-
ductivity. Heat insulation ceramics are used iu bullding and in refrig-
eration engineering; they are produced either by firing of natural low-
melting clays to the state of swelling (ceramsite), or by artificial
swelling and subseqﬁent firing (foamed keralit). The weight by volume
of heat insulation ceramics is 9.27-1.3 g/cm3, the ultimate compression
strength is‘frcm 77 to 140 kg/bmz, the heat conductivity from C.08 to
0.8 kcai/m-hr:°C. Porous refractorles are used for the heat insulation
of heat-englne assemblies, According to the production method, they are
subdivided into foamed light-welght refractories and ligat-weight re-
fractories with combustible admixcures. The designation (fireclay, kao-
| 1in, dinas, etc., refractories) depends on the raw material, and the
perosity on the production method. Foamed light-welight refractories
have a honeycomb structure with closed pores, a low gaé-permeability and
a high porosity. The physicomechanical propertiec of the main types of
light-weight refractories are quoted in Table 1.

Porous light-weight products from pure oxides, carbides and other
materials are use& for insulation at high temperatures (the properties

of these materials »re listed in Table 2).

1839
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HEAT RESISTANCE (resistance to heating) — resistance of a material .

to the effect of heat. Usually the heat resistance of a material is

evéluated on the basls of the temperature at which it undergoes vari-

ous chemical and pnysical transformations (formation of gaseous and 1i-

Hduid products, chahge in color, etc.). Heat resistance determines the

upper tempefature limit of the service capababilities of the material.
The heat résistance.of polymers 1is evalusted on the basis of the temper-

ature at which they begin to perceptidbly cdecompose, on the basis of the

| deccmposition:products and the kinetics of the process.

1841
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HEAT_RESISTANCwa the ability of’a raterial to resist creep and
desirucn:on.at hiéh’tﬁmperatures. Heat'resistant matérials must have a
high long-lee stréngth and resistance to creep; 1n many cases they 7

rkmdstistrongiy;résist ﬁechanical fatigue, and, when used at changing

temperatures,'thermal fatigue also. The heat‘resistance may be combined

with highVValues ofﬁintnrhal friction of the material when rescnance
conditions aré,pfesent. Resistanﬁe to oxidation, to corrosion and to
wear are in many cases véry significant factors characterizing the
: operating ré;iability.at high temperatures;'The ;emperature level of
f : the heat‘resQStance is mainly defined by the strength of the interatomi

cohesion and7£he melting point of thé matérial. Within a selected sys-
‘”tem;fthefstiuéturé of the alloy plays a decisive part.

. | | S.I. Kishkina-~Ratner

i o | : ' ' 1842
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HEAT RESISTANCE CF ALLOYS ~ 1s the increased resistance of metal
alloys to chemical reaction with air and other gases at high tempera-
tures. The heat resistance 1s caused dy the formation of a tight film
of oxides (or other compounds) on the surface of the alloy, which ad-
heres well to the metal and manifests a high resistance to the diffu-
sion of active gases into the metal. Besides the basic netil, the conm-
ponents of the alloy can take part in the formation of the protective
film, improving or impairing 1ts protecting properties. The camposition
of the film and its structure may changs depending on the temperature
and the holding time at a given temperature, '

The mechanical density of the oxide film 1s defined by the propor-
tion of the molecular volume of the oxide to the volume of the equiva-
lent quantity of metal atoms; the proportion must be equal to or great-
er than unit: 553, » Where M and D are the molecular weight and the
density cf the oxide, and m and d that of the metal. The resistance to
diffusion through the oxide depends directly on its high-melting char-
acteristic and also on the perfe:ction of 1its crystal structure (the
presence of defects facilitates the diffusion).

The rate of the oxidation through a tight film depends on the dif-
fusion of the reacting components and decreases with increasing thick-
ness of the oxide following a parabolic law: pe=x, , where P 1s the
degree of oxidation which can be characterized by the depth of‘the oxi-
- dation, the quantity of absorbed oxygen, or the quantity of formed
oxides; it 1s determined by the increase or the loss in weight after
the cihder has been removed, and is expressed in g/bua or g/ha; xp is

1843
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the constant of the oxidation rate, depending on material and tempern;
ture; t 1s the time; the exponent n is greater than unit and depends on .
the diffusion penetrability of the oxide. In reality, this function has
s more ccaplex nature owing to‘the scaling of the cinder, which occurs
from time to time due to the difference in the specific voluze of the
zetal and oiide,‘being favorized also by the temperature changesz inevi.

table during cperation. Hence, for safety, n 1s often taken as equal to
unit, and the mean oxidation ihtérié'ékptéSsédﬁiﬂ'g/hz-h};"‘ -
Practice has shown that materials with high heat resistance are
characterized byvan increase in weight cf not more than 0.5 g/hz-hr
within a test of 100 hours (e.g., Nichrome 80-20 at a temperature of
1100°). Materials with a sufficient heat resistance are characterized

by an increase in weight of 0.1-1.0 g/hz-hr (e.g., 1Kh18N9T stainless

steel at 950°). An increase in weight of more than 1 gﬂmz'hr insicates
generally a low heat resistance.

The cindering process may be accelerated by tﬁe destruction of the
low-plastic protective film when stresées causing deformation occur. In
Table 1, the dependence of the degree of oxidation on the extent of the
deformation and on the temperature in a 100 hours test is given for
Nichrome 80-20 as an example,

TABLE 1

Function of the Degree of
Oxidation of Nichrome

2y %), e
Tenn-pa PCROPEHRUE OX BCAENRE
“ll(ﬁ.él)ﬂ' ———
CRPOSHOE ONNCIY
Brpaue RPRINARN, we obpaans
1 3 oRuCAeHm P:oa-lmuni“:. S an
1006 | SHe wenee 30 130209
1106 » A5 10100
1200 s 4 2040

; : 1; Test temperature (°C);

i 2) elongation (in %) caus-

1 ing an accelerate oxidation;
3) first symptoms of oxida-
tion; 4) through oxidation

-} | . 1844
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A classification of the principal heat rea;atunt alloys 1s given |

in Table 2.

‘of & 1,5 mm thick speci-
men; 5) not less than.

TABLE 2

Classification of the Principal Heat Resistant Alloys,
Tensile Strongth and Choracteristic Grades
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f' OTsK = body-centered cube; GTsK = face-

#* Auctenite + ferrite structure. v
Base metal; 2) alloyingé)3) elements; 4) effect;

5)

crystalline structure;

o
centered cube.

heat resistance {tempeg-
meehr

ture at which the oxidation rate is lees than 1 g/i

(determined by increase in weight)]; 7) oy (

2); 8)

characteristic grades of steels and alloys; 9) increase
in heat resistance; 10) OTsK (territe); 11
temperature of 200-1100°, depending on the chromium con-
tent; 12) Khl7, Kh25, Kh28, Kh28AN**; 13) the same; 14)
high up to a temperature of 1150-1250°, depending on

the alloying; 15
1Kh17Yu5, 1Kh25YuS, OKnh25YuS; 16)

increase in

gh up to a

Khl3Yud, Khl7Yu5, Khl8SYu, OKhlTYuS,

heat re-

sistance and heat proofness; 17) GTsK (austenite); 18)
high up to a temperature of 900-1050°, depending on

" the alloying; 19

E§§3

e a1 S S kg b s £
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Kh19N9, Khl8N9T, Knhl8N12T, Kh23N18,
N13, 1Xh21NS5T##; 20) Kh20Nl

%%, Kh25N2UsSY,

18N2552; 21) Kn25N16GTAR, KnN3BVT, EP126; 22 GtsK
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23) KNN78T, KnN70; 24) KhNTOYu, KN6OYu; 25) etc.

M Ys. L'vovskiy -

.9
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HEAT RESISTANCE OF PLASTICS ACCORDING TO SCHRAMM = 1s the ability
of a plastic specimen to resist for 3 minutes the contact of a Silit
rod heated to 950°. The dimensions (in mm) of the specimen are: length
12020.2; width 1520.2; thickness 310.2, and those of the Silit rod are:
length 17022, and diameter 7;7:0.1. The heat resistance of the specimen
i1s characterized by the product of the burnt length of the specimen (in

cm) and the loss in weight (in mg) and is expressed by the heat resist-
ance nunber (see Table).

1 Dponsseseswe me 2 Smeao
" e

3 Bense 108000 . ... ’
100 090—10 000 . . []
10 000—1 000 2
1000100 .. .... 3
f00—10 ....... 4
b Momame 10 . . ... s

1) Product of mg and
cm; 2) heat resistance
number; 3) more than;
4) less than.

M.S. Krol!
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HEAT-RESISTANT ALUMINUM SHAPING ALLOYS -~ alloys distinguished by
high strength characteriatica,_particularly fatigue strength and creep,
at elevated temperatures. The heat-resistant aluminum shaping alloys
include D16, D19, M4o, VAD1, and VD17 in the Al-Cu-Mg system; AK2, AL
and AXK4-1 in the AleCu-HgéFeéNi system;’alioys‘DQO and VAD23 in the Al-
Cu-Mn system; SAP-1 and SAP-2 1in the AI—A1203 system. For alloys D16,

M4o, D19 and VAD1l, see Medium-strength aluninum shaping alloys; for

alloys M4O and D20, see Welding aluminum shaping alloys; concerning al-
loys AK2, AK4, AK4-1 and VD17, see Aluminum forging alloys; for SAP-1

and SAP-2, see Sintered aluminum powder.

§ ‘ Alloy VAD23 possesses the highest strength characteristics at room
| and elevated (to 160-180°) temperatures, as well as in high-temperature

holding for thousands of hours. However, it requires certain structural ~ =

B e T e S

and technological measures because of its notch sensitivity under al-
ternating load and its lower plasticity in the artificially aged statc.
At room temperature, alloy V95 has strength characteristics approaching
those of VAD23, but it weakens rapidly above 100-120°.

v S U

Alloy D20 has relatively high strength characteristics at 200-300°
and during long-term soaking. Below 160-180°, alloys D16, VD17, D19,  |
M40 and VAD1 have lower strength characteristics than alloy VAD23, but
they are less sensitive to notching under alternating locad and more - S
adaptable to prcduction. Alloys D20, MUO and VADL are welded by argon- - 3
shielded arc. Alloys AK2, AKA4 and AK4-1 are characterized by propertyf__"
! isotropy and good hardenability; these alloys hgvc high hot p1ast1cit&-~
- and high fatigue strength up to 200°. o
- , ’ 1848
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Qr all the heat-resistant aluminum shaping alloys, SAP-1 and SAP-2

' havé the highest strength characteristics a£ 300-500°, ever when held
ﬁtﬂthoae temperatures for tens of thousands of hours. High corrosion
realétancé'is characteristic for these alloys. The compa:ative nechani-
‘_callproperties, from tensile tests on sheets of several aluminum shap- ;
1ngzélloys at elevated temperatures, together with comparative data on |
'thé rét1gue strengths, are presented in Tables 1 and 2.

} Alloys D20 and VAD23 differ from thc other heat-resistant aluminum
shaping alloys in that they do nof contain as an alloying eiement. This

.'gives them certalin specific properties. They have a high hardehing ef-

. fect in tempering, undergo virtually no property changeé during storage

- at room temperature (there 1s no natural aging effect), and alloy VAD23

1s strengthened sharply as a result of artificlal aging. As a result,
alloys Dz0 and VAD23 are conveniently”used in structures in the artifi-

f&. clally aged state. In this state, however, these alloys, and VAD23 in

paptiéular, have low plasticity. Artificlally aged VAD23 alloy can be
subjJected to only a few technological operations. In the tempered (na-

turally aged state), irrespective of time after tempering, and even

'~ more so in the annealed state, alloys D20 and VAD23 admit of cdmplex

'-tcchnological.deformation. Units must be r veted up from alloy VAD23 in
the tempered (naturally aged) state of the VAD23 wire. Then the entire
unit 1s given artificial aging. Alloys D20 and VAD23 may also'be tem—
.pered in hot (bolling) water without loss of propertles.Tempering in
hot water makes 1t possible to deduce the internal stresses in the

| pleces and eliminate warpage during machining. Neither of the

E alloys has a tendency to corrode under stress in any of the semifin-
1sﬁéd forms or ahy of the heat-~treatment atates. in this respect they
dirfer from alloy V95 (and other zinc-contalning alloys) and from al-

ipys D16 and AK8, which are sensitive to corrosion under stress in cer-
‘ 1849 : £Y



tain semifinished forms and certain heat-treatment states (see High-
strength sluminum shaping alloys). However, alloys D20 and VAD23 have

somewhat lower general corrosion resistance (as a result of their com-
paratively high copper contents). Bath and etching conditlons for al-
loys D20 ahd VAD23 are selected to ensure a rapid process and a good

surface atate arter precision etching.

e i " m= | Alloya p20 and VAD23 show high property

:j - f;) stablility at elevated temperatures and during
& qf 3 = prolonged hold;ng at these temperatures;’thia‘

ot H ' unll accounts for their importance as heat-resis-

‘m-—'-"--'a- . tant aluminum shaping alloys. At room temper-
g}sbgé aggggpaguggge ature, the strength characteristics of VAD23
g segtetime 13 houra. semifinished products are higher than those

, of alloy V95 but somewhat lower than those of
alloy V36. The stremgth of VAD23 alloy at 175° after 100 hours of hold-
ing 1is aohewhat>lower than the stfength of D1 at room temperature. The
specific gravity of VAD23 alloy is 6% lower than that of alloy V96,
while 1ts elastic modulus 1s markedly (6—7%) higher than those of all
other aluminum al;oys.\All of these characteristics of alloy VAD23 ren~
der it a promising material. Large, hollow and flat ingots of practic-
ally any dimenaiona are cast from it, and semifinished products of the
atandard dimensions are extruded, rolled and forged from it. The
- strength under repeated static loadlng at room and elevated tempera-
tures 1s higher ror V. ]23 than for V95 and somewhé% than for D16 alloy.
The same measures. (structural and technological) should be taken in |
using VAD23 alloy to eliminate stress concentrato s as in the case of
. V95 alloy. The propertiea of alloys D20 and VAD23 are given in Tables
3-9 and Figs. 1-7. , .

" The corrosion resistance of D20 and VAD23 semifinished products 1s
| 1\ | 1850
| .
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TARLE 1

Elevated-temperature Teanslie Properties of Sheets of Certain Shaping
Alloys
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A) Temperature (°C); B) holding time, (hours ; C) v9sT; D) k;/mz; x)
D16T; P) D19T; G) VAD23; H) AK&-1; Is D20; J) SAP-1;K) at.

TABLE 2

Fatigue Limit of SBeot. of Certain Alum-
inum Allcys (kxg/mme)

n C 1ases
A iEEe o :
'!f'-: el aier st Alo-ujm’p‘ ::\‘! g pn-ee
1 " a0 Iy - - - - iy
L HBHEE
. Y HEE » z b I HH+44
' : [ - -] dun
g nig|nlalalal -
1000 [} § ' . 1) 12 1t Ny s

*The fatigue 1imit of SAP-l 1is glven

for rods at temperatures of 350° (1)

and 500° (2).
A) Test temoerature ('C}; B) test time (hours); C) alloy; D) D16T; E)
V9ST; F)D19T; G) D20; H VAD23; I) SAP-1, ‘ ‘
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Plg. 2. Creep curves
of D20 aéloy at 250°.

A) kg/mm<; B) test
time in houra.

O SIC4Q00F107F e
[}

.(-‘ » Plg. 5. Stress-strain dia-
[ : Lajﬂ grams to yleld-point of
% - T VAD23 alloy at room and
. 5 ot o elevaged temperatures. A)
. 1= kg/mm
.l:*-‘- L] -l;u

Fig. 3. Creep curves of satisfactory. Alloy D20 exhibits high plas-
D20 a%loy at 300°. A

kg/mme; B) test time in  ticity 1n the hot state. The forging and
hours. _

stamping temperature 1s 400—460‘. Heat-treat-

ment conditions: heating temperature for *i‘

quenching 535 + 5°; artificial aging at 165-

. [FI =

y J;."*" 175° for 10-16 hours (for parts working

1 P .

a e A short-term) and for 12 hours at 200-220°
g idadiolie (for parts working long-term). Alloy D20 may

be used to fabricate forgings and stampings
Fig. 4. Creep curves '

of D20 a%los at 350°. of complex.shape,'rolled sheets and extruded
A) kg/mm<; B) test '
time in hours. semil'inished products. It is used 1n lcaded

and welded-up structures operating at 200-
300°. Alloy VAD23 1s quenched from 525° + 5"and artificlally aged at
170-180° for 16-12 hours. It is used to fabricate all forms of semi-
rinished products ~ sheets, plates, forgings, stampings, extruded pro-

ducts and wire. Alloy VAD23 is used for heavily stressed structures
}852
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TABLE 3 .

Mechanical Properfies of D20 and VAD23
Alloys According to TU (no less than)
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A) Al%oy; B) form of semifinirhed product; C) state of material; D)
kg/mme; E) D20; F) clad sheets, all thicknesses; @) tempered and arti-
filclally aged; H) tempered; I) annealed; J) extruded rods; K) extruded
shapes (longitudinal direction); L; extruded panels (longitudinal and
transverse directions; M) VAD23; N) extruded semifinished products; 0)
clad sheets. . ‘ ,

TABLE 4

Typical Mechanical Properties of D20 and VAD23
Alloys at 20° o :

cam Bax nonyoed- | Cocrom ' ¢ ™ ' .ml * i..' + ’cpl o,
» punara nue , bl‘ D (wmn’ }
A Y P (xe mu®) [ Y V] (%) | p(waan
a20 npeeeo.-:gum 3axenwa n I
noxy t {4 LB
™ prxe- e-ug:n 7200{2700/0.33] 4v | 25 |40 12]38) 3O 7
G NMorosxs J l[ To wme - - - ] - - 4311 = | - -
Neerw L ‘[‘l’omo 6000 = | = | — 30 40j10] =] = =
BAX 23| Ipecconanne Tome (7600{290010.35( 48 [ 9¢ {60( s]tal 30 {8,0°°
noaygadpuna-
M ™ N
Jdmeru voromnof| To me - e [ = | 50 (93] 8 =]~ -
or 0,8 X0 5 M
(o]
‘#Sericircular notch; = 2.0,

##Semicircular notch; o = 2.2.

A; Alloy; B) form of semifinished product; C) state;D) kg/hmz; E) o
F) 74, @) D20; H) extruded semifinished products; I) tempering and

artificial aging; J) forgings; K) same; L) sheets; M) VAD23; N) extrud-
ed semifinished products; O) sheets from 0.8 to 5 mm thick. o .
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TABLE 5

Mechanical Properties of Semifinished Pro-
ducts Extruded from D20 Alloy at low and
_tlovatcd Temperatures :

Toudene [ s LY . L .

e 1® [ KN (zu
: (o Aty 3
iy e

-t - - - (1] lg 44
1 900 114 3% ] [T 28 1 1 1]
1% 1 3314 13 i1 1 3] " [1]
200 $700 (1) 4] e +2 | L)
114 360 1) . 1s }6 1] [ 34
¢ - [4 th 3 (L) 16
13 008 4 13 T 1] "
%0 - : * L2 1y b
400 - & 1] 2 ]

[
,&mT?st‘terperature (*c); B) ots’ C) kg/

TABLE 6
Fatigue and Creep Limits for Extruded D20
Alloy Stripa*

Mo ocraroenad
B " seeopmauns

Teun-pa

WCHNTE-
[ 1] ] o e L™ oy [ ™, [ 5Y :
cr)A . "o'ies | "syve
200 19,5} t0.¢] 18,0} 12,2 it.e - 13 t1.9
230 13.0] 12,01 12.8] 11,5 1.0 1.0 s 1.9
21 1.0] 10.3] 10,0 ] 10,0 X " ? 'R
300 0.8} 0.5] o0}l 1.8 1.% 7.4 R s.¢
32 18] 12 el se] s 5. 5.0 LA
H1Y 8| &2} 4.0} 3.3 1. 2.9 3.4 3.7
#In kg/hm .

A) Test temperature ('C), B) frcm residual

deformation.

TABLE 7

Endurance and Creep
" Limits of Extruded
VAD23 Alloy Rods

2 -
Coctronnme xg?. e | %aliee
ueTeDuIAS 2g
1IRER |3 (neaman
Sassaewnwt n| 100 b2 ] 23
. wewyotTeesme | 200 2% i8
Mﬂ’ell.u. 3% 12,9 *

: 1) State of Material; 2) test temperature ('c), 3) (kg/mm ) 4) tem—
g pered and artificially aged.
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Fig. 6. Creep curves Fig. 7. Creep curves
of VAD23 alloy at 18¢° of VAD23 alloy at 250/
(extruded rod 1) Time, (extruded rod). 1) >
hmms.z)k&hm . ;um,hmum,z)k&hm.
TABLE 8 .
Physical Properties of D20 s~d VAD23 Alloys
Cnaes l ('«"?‘) f-u ca oou ) ’ ’(u ;-'n) }‘ (u:u <)
e [ srecce-100m | e asasn o. 0000 -
24,7 ne-200 0.34(100%) -
7.3 (2v9=Did $.3%(100°%) -
’ 30, x{soo-w) 5 8.31(300") -
0,30 (400°) -
BAQLS ** 25 (20=100%) $.20(10¢°) ¢.0912(2%9 0.23110¢%)
34.9(20—200°) 8.2%(2797) €.25(200°)
[} 36 (100—200% ¢.237(3:°°) & 38 (300°
g; ;:;33:{:3 ; 9.29 (400°) 0.3 (400"
= 2.84 g/cm
7 - 2,72 g/bm3 '
1) Alloy; 2) A (cal/zmesec. C);*3) p (ohms-mma/h)
u; ¢ (cal/g+°C); 5) D20*; 6) VAD23* ’

working short- or long-term at temperatures up‘tb 160—i80'. VAD23-alloy
rivets are used. When a,tificlally aged material is being.ri§eted, riv-
ets made from D19 alloy are recommended. | ‘

Alloy D16 1s recommended for streased atructureﬁ_working below
180-200°, and alloys D19, VAD1 and M40 for loaded stfuéfureg,'including
welded-up types, operating at elevated temperatureﬁ up c6~2so°. Alloys
AK2, AK4 and AK4-1 are used for forged and stamped parts to work'at
elevated temperatures up to 250°. AK4-1 alloy sheet can Se ﬁéed effi-
ciently with prolonged holding times up to 2007._SAP-1 and SAP—2 are
used in structures working at 300-500°.
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TABLE 9

Mechanical Propertiea
- of Extruded VADZ23 Al-
loy Rods at Elevated

Temperatures® ‘
Uk .ég ol
7 ) E e !-" . ‘;)
C RN | 2% S (mam
Poe—— 1
‘186 o | s Y] Y
o} 100 [} [13 ;
‘ 1608 {30 | 28
n“' " 4 I
106 | a6 | 33 ¢
: ' PO 1 H
e b oenfoe Jar o4
tée 1 22 |t | 1o

*At 20°: oy = 65 kg/
/"f '.},"o 2" 61 kg/m*;
A §:::1z§mz:;:°‘s::u,‘.:§2
: (kg/mme.

References: Romanova, 0.A. Novyyzharcprochnyy deformiruyémyilal-

yuniniyevyy splav D20 [The New D20 Heat-Resistant Aluminum Shaping Al-

loy], Moscow, 1958; Archakova, 2.N., Romanova, 0.A., ‘Fridlyander, I.N.,
Issledovaniye splavov siatemv Al-Cu-L1-Cd-Mn pri komnatnoy 1 povyshenn—
ykh temperaturakh [Invea;igat;on of Alloys of th Al-Cu-L1-Cd-Mn System
at Room and Elevated feﬁperatureé], "IAN SS5R. OTN. Metallurgiya 1 top-
1ivo," [Bulletin of thé USSR Aéademy of Scienceé, Technical Sciences

, Mekhan;cheakiyé_avoy-
stva teploprochnykh alyuminiyevykh apla#bv s Iitiyem 1 kadmiyem (Héch—
anical Properties or Heat-Reslstant Aluminum Alloys with Lithium and
Cadmium], Ibid., 1962. No. &. ,

I.N. Fridiyander, T.K. Ponar'ina
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|
|  HEAT-RESISTANT CAZT IRON — s & ca:t Sfr.; g‘? L A A Y
decreaczes only insignificantly at risings Lempovatoses ¢ e Yiedn
long service of the cast iron at Eirher tempovitore ac, oo te £
sufficlent chemical stabdlity, AlTH0 WUIRE Lia guestna T o 0 trses e
high te=mperatures and aublo:?’“o medt o fexidtrtos emie e Y0 Dol
tings and other objects woriins at hilcsber torrains oa
heatl -resiztant cazt iron.
The strength of cast iren at hi-fesy Lanm apeti o B e
not only by the resultc of creepin: and endurance tol -« =5 fi .
cteel and nonferrous metals, but alrto vy tie resite e o etdoe oo
ing tezts at elevated temperaturer; the bLendin: ctre L 2t o 5n e
of deflection of 10° 1. defined a: a ciaraciarissis (£ < a  aie o ¢ L
tance of cast ircn. The tenzile ctren~th ff v $rer nanonnses Tof el
nificantly at temperature: up to LS008, 1t ohancas ot ool b
ever, above S5CC° (Fig. 1). The hirbe-tren-t: forn 14 a :
sraphite (cee Magnesium-alloy cact lrand rpascesraz a pf-her ten-i. e an
creeping stfen;th than gray iron.and malleaklc S,
High-alloy iron rrades with lamellar ropafttie 4n Svc ctoict e, o
Ni-Res®stz, Silals, and Nicresilals (see Cover mfire n-! +r = t. iren
! "Alloved cast irenj pessecs a>hi sher neat-‘uu-ktu ck H, PO RN AR B
| bendin; strength (Fig. c) and a hicher creerin: :trnw:‘ T, F) then
the ncnalloyed and low-alloy cacst iron gradec. Treatme-* o7 4 oce ro
irons with magnesium in order tc form spheroid#l grarhite in thely
* structure, further increases thelr heat resistance: thiz icat resi -
g tanée 6an alsé-be 1n§reased by:addition of 1% Mo. The me.l.arical PO
1853
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perties of heat resistant cast iron are quoted in the Tables 1.4,

L

» /

/ 4
1. //z

o

.B.v--u-h

Fig. 1. Deformation vs. tensile strength curves of the short-time ten-
sile tests of gray iron containing 2.9% C, 1.75% Si, and 1.15% Ni: 1)
Test gt 20°, fracture at 29.2 kg/mme; 2) test at 230°, fracture at 27.2
mm<; 3) test at 400°, fracture at 28.8 kg/mn?; L) test at 540°, frac-
ture at 18.6 kg/mm2. A) L kg/mn<; B) deformation, mm/mm.

/
ATV

® 015 050 041 i0
B owan qnt

Fig. 2. Bending of cast iron and steel at 850°: 1) Steel; 2& ray iron;
3) high-phosphorus cast iron; U4) silicon cast iron, Silal ( .22% S1);
5) austenitic cast iron, Ni-Resist; 6) h%gh-silicon'cast iron (13.77%
Si). A) Deflection, mm; B) stress, kg/mm<.

Py
LU
J
Ml
11
I ﬁ//4f,‘4
’ ’”’f*’/ 7

SNy s %
M-‘.“'*/-‘B

Fig. 3. Creepling strength of cast irons of different chemical composi-
tion: 1) Black cast iron; 2) low-alloy chrome-nickel iron; 3) Silal

6% s1 ? L) Nicrogilal; 5) Ni-Resist: t 538°; b L50® t
§7g°- l’ 6, kz7mm5; II czeeping raté,a% Ser aou}. ) at 450%; ¢) a
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TABLE 1

Strength of Different Ca-t
Iron Grades at Short.Tine
and Long-Time (4000 hours)
Tensile Tests

e m e b e
WORDCN. e praprT et
ataNRNe o mAT)

yryn 1 (w2, maty
%5: }Mmr &2}»-*“?»—’:00"

Y
Cepuft NOXnmnn- .
l?'.!"la'"hll‘.' .. 0.8 ‘ e, 12 & [ T
Koennft
PP ANTOPC .
:;“ﬂ e .P. AR IR ERLR.) LN
Geppurnu® . Y 1 2o [ 2.e ]9t .5
Pracornporn : - e e
t (marunesuf): el areloestpns
E :rrmu: Dl ;;:Q'l 2wl E2iz] win

1) Cast 1roné.2) 6, at short-time tests (kg/mmg); 3) 6, at lcnp-time
tests (kg/mm g‘ 4)"gray, modified; 5) malleable; 6) pegrlite-ferritic;
7) ferritic; $ high-strength (magnesium-alloy).

TABLE 2

Creeping Strength of Gray
- and High-Strength (Magne-
sium-Alloy) Iron at 400°

, Hanpmxenne, upw
. ) PO ACCTArACTER
" syryn ?:::‘; aedupuannn (xs un’)
oy -2 LA IR
- ,,,,.f,,;,, Cepuh ______ | to60 7.9 *.7 -
T pu - u 7 soun 5.8 .2 --
bmmlﬁuui tog0 § 43,3 f 16,4 | 24,0
(Marvacsuit) 5 3000 9.7 12,86 11.5

‘1) Cast iron; 2) time:(hr);.3) stress (kg/mm2) at which the following
deformation was obtained; ﬁ)'gpay; 5) high-strength (magnesium-allcy).




. dda=aviny

- at

1) Cast iron; 2) stress (kg/hmz);

creeping strength at a deformatisn rate of 2.000
-ferritic; 6) malleable ferritic;
loy) pearlitic; 8) high-strength (magnesium-al-

5) malleable, pearlite
strength (magnesium-al
loy) ferritic.

TABLE 3

Comparison of the Creep.
ing Rates and Creep

Strength of Malleable and
Higﬂ§5§rength Cast Irons

n
T
W
Jyecre
’-
&

BARRE $.000018,

® "ue (w ant)

e 1 g
]

Koswuaf mepawro-geppwr.
nug

5 ‘:.

Kosrah gepparnut 6, s ae

cre (0.09901¢

8 WWac)

Cwopocys noas

Bucononpownw® (wareme. 8.0 .17
.5 IO."

) nepawrnng < 1.8

Bucoronpoenusl (marnme- 8.0 1.4% 1.8
sult) Qepparnut 8 6.5 | 0,854 ’

3) creeping rate {0.00001% per hr)
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! TABLE 4

Heat Resistance of High-
Alloy Iron Grades (Ni-Re-
sists) with Spheroidal

Graphite
K. * i
1 3 2 WA . ™H ..
2 NN ﬁ&; )
Xum. §~ —rm = -3l
ey, 2 | TR
i ayryna i- : &3_‘-’
o ‘-"-: Si=Zls
22 I A
e
26 NI, 20 .
:Cr 25 )
Sin -l
[ 1) 2.0
08 .5
180 .
20 Ny, 30 -
2 Cr, a0 . ts
t Mo (11 . [P
T0s T
7¢9 . N
A0 Ni. 20 1.0 | 2¢0 - -
3 Cr S0 .0} tv.a -
650 29,5 | 19.% 4.3 -
ok - - 1.
t 760 | 18,8 ‘ 1.0 (983 -
30 Ni, 29 | 43,0 | 2nY - -
3 Cr, a0 | J8.0 | 20,0 - 5.0
t Mo 630 | 3t.0 | 20,8} 12,5 5.7
108 — — 1.% 3.5
760 § 205} 15, 5.0 -
N 20 85,0 ¢ 41.% - -
SCr 340 AV OS] — —
8 Bi &5H4 8.0 ] 28,4 %,3 -
e i ) 7605 - - ,5F -
. 780 1.5 t3. 1.v -

1) Chemical composition of the cast iron (%); 2) test temperature (°C);.

3) short-time tests; 4) endurance (1000 hours); 5) creepins strength
(at 0.00001% per hour); 6) kg/mm<.

Referenées: Hall, A.M., Nikel' v chugune 1 stali [Nickel in Cast
‘Iron and Steel], translated from English, Moscow, 1959; Girshovich,
N.G., Sostav, 1 svoystva chdgna [Composition and Propertiés ofVCaét
Iron]}, in the book: Spravochnik po chuguhnému 1it'yu [Handbook on Iron
Casting], 2nd Edition; Moscow-Leningrad,ri960; Dovgalevskiy,_Ya.M.,
Otlivki 1z chugunov s osobymi fizicheskimi svoystvami [Iron Castings
with Special Physical Properties], in the bcok: Spravochnik po mashin-
ostroitel'nym materialam [Handbook on Machine-Building Materials], Vol.
3, Moscow, 1959; Everest, A.B., Nickel; 0., "Foundry Trade J.," 1960,

- 1862 -
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Vol. 108, No. 226U pages 515 522; Grills at J. and Poirot R., "Fon-
derie" [(.’asting], 1960, No. 178, pages M&g—hsl 'rowers, I.A., "BCJRA

Journal," 1960, Vol. 8, No. 3, pages uza-uen |
- A.A. Simkin
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HEAT RESISTANT LACQUER AND PAINT COATINGS are'éoating; wnich are
capable of withsﬁanding the action of temperature above 100° fur'é .
definite time without noticeable deterloration of the physical-mechani-
calvénéiihtiéorféslon properties or of the‘éxternél appeardnce. The

~heat reslstance of the coating depends pn the nature of the film-form;A'
ing agent, the‘pigments and the flllers. The majority bf :he polymgré,_
with heating in the presence of atmospheric oxygen, are subject tc
thermo-~oxidative destruction, as a result of which twc processes ccéuf:

decomposition of the polymer molecules with the formation of mole¢g1es

of smaller size (products of oxidation and splitting of the polymer)

and stfucturing = the formation of molecules of three-dimensional .

"structure-‘?pese processes cause deterloration of the properties df:the
heat-resistant coatings. Depending on the nature of the fllm-forming
agent the coatings may stand up for long periods under the :ollowihg
conditions (approximately): nitrocellulosic and perchlorvinyl coaﬁings
at 80-90°, ethyi cellulosic at 100°, alkyd using drying oils at 120~
150°, alkyd using semidrying olls at 200°, phenol-ﬁutyric, polyacryl;é-
and polystyrene at 200°, epoxy at 230-250°, polyvinyl butyralic at 250-
280°, bitumen-bufyric-resinous at 200°, polysilicone, depending oh'the
resin type, at 350-400;550°. As plgments in the heat resistant enaﬁels,.
use is made of carbon black (to 350°), titanium white, green chromium
oxide, strontium chrbme, cadmium and cobalt compounds, zina dust, -
aluminum powder and stalnless steel powder. The fillers are mica, talc
and asbestos. The preparation of the surface o:'the metal to be painééd

has a considerable effect ~n the heat resistance of the coatings. The
1864 o
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roughness, the presence of cxide, oxide-phosphate, oxide-chromate films
provides for better adhesion of the coating, which is particulérly im-
portant for the use of the siloxane enamels. The following are used for
the preparation of the surface: dry sand dblast cleaning (average rough-
ness 14 microns), and hydro sand blast cleaning (roughness 9-10 mi-
crbné) in combirnation with suisequent phosphatization or passivation.
The method of preparation of the surface 1s detormined by the form of
the metal, the construction or type of detail being painted, the opera-
ting temperature and the form of the lacquer/paint material. For exam-
ple, steel detalls fabricated from the low-alloy'steels of the S-10,
S-U45, ZOKhGSA types and others which are used at temp-ratures tc 400°
are subjJected to hydro sandblasting cleaning with subsequent treatment
in a zinc'phosphate bath. Good results are obtalned by treating with
iron grit or by oxide phosphatization. Steels of the SN-2, EI-654,
lkhlBNgT and other types are subjected to hydro sandblast treatment
with subsequent passivation or etching with passivation. Steel articles
which are heated during operation above 400° are subjected to hydro
sandblast treatment with sudbsequent passivation. The aluminum alloys
are usually anodized in a sulfuric acid bath (thickness of the oxide
film is 5-8 microns). The magnesium alloys are chemically oxidized
(thickness of the oxide film 2-3 microns) or anodized in an alkaline
bath (thickness of f£ilm 10-15 microns).

The heat resistant lacquer/paint coatinzs are applied in 2-3 lay-
grs.\The priming coat must contaln a passivating pigment, particularly
for the aluminum and magnesium alloys. The following coatings are used:
alkyd, epoxy, bitumen-butyric-resinous, polyvinyl butyralic and poly-
siloxane. |

Satisfactory protection of articles from the action of tempera-

tures above 200' over long periods 1s provided by the heat-resistant
1865 |
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coatings based on pentone, the'polygaranates, the flucrirc-contalinln,:
and siliccne poxymeré modifled by certaln other polymer:.

'References: Drinderg A.Ya., Ggrévich Ye.Sep Tikhomirov A.V., Tekhe
nologlya nemetallichesklkh pokrytiy [Tebhnology of Nunmetallle Couta
ingé}, L., 1957; Lyubimov B.V., Spctaial'hyyc lakukrasuchnyye poreytiya
v mashinostroyenil [Special-}acquer‘and Paint Cpatlngq in Machire Cune
struction}, M.-L., 1459; Organic Prnteﬁtive Cuatinr:s, coll. of articles

transl. from Eng., M.-L., 195%.

V.V. Chebotarevskly
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HEAT RESISTANT TITANIUM SHAPING ALLOYS ~ alloys with an ultimate
strength of hot less than 75-80 kg/’n:m2 at a temperature of héo‘, which
are subjected to ho¢ shaping, 1l.e., forging, stamping, pressuréworginé,
etc. Are distingulshed by an elevated ultimate and aatiafactorylcreép
strehgth‘at temperatures up to 450-550° and aiso by their high corrdf_.
sion resistance. Among heat resistant titanium sﬁaping alloys are the |
V’I‘3 1, VI8 and VI9 alloys. For the chemical composition see the arti-
cle Titanium alloys. Heat resistan? titanium shaping alloys are used

I for making semifin‘shed products, 1i.e., forgings, stampings, bar stock,
‘etc. Squufe and round cross section forgings and stampings a produced
(AMTU 365-62) with a side (diameter) from 30 to 250 mm, as well as
pressed bar stock (AETU 487-62) with a square side (diameter) form 15
to-zoolmm and rolled bar stock (AMIU 451-59) with a square side (diame-
ter) from 10 to €0 mm. The mechanical properties of the forgins and

- stampings in the annealed state are glven in Table 1.

"TABLE 1

Mechanical Proverties of Forgins and Stampings from
Heat Resistant Titanium Shaping Alloys

__&__i__L__’ o

o (rem_ca?) M

. Cnae® 1 2 TY (wo/mm1) *) I t€orq. Am)
6 ne menee :‘

TR .. .. AMTY 26R8-11-62 [ 108<12Y [ 38 3 3.3-3.%

T3-1 7 e Anﬂgsu-s-u 100-~120 ] 28 3 3.3-3.1

%ﬁaﬁ% v%? ?g’A;{%U(Y‘&/m ); L) (kem/cm®); 5) (dotp, mm); 6) not mgre

", The mechanical properties of rolled and pressed bar stock in the ' 
u“;-anneaied state are the same as for forgings and stampings. Typical. ‘
' . 1867 ' _ , ‘{
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mechanical propertieu‘or heat resistant titaniun uhapimr alloys at var-

ious temperatures are given in Tatles 2 and 3.

’ TABLE 2

Mechanical Properties or VI2-1, VI8 and V19 Alloys
(Bar Stock, Forgino, Stamping 5 at Various Tempera-,

Kl g Py e

tures
L : ..(n natC: o, ,qu .»l"a 8..(%) B U Koy (nomrm’) ‘n - -- s
—~ Spigiia B il e e TS e AR m.}..,_ S i
P1lale Jtv alll e a-fn»‘!ffmvétg T BEAE IR
hall Pbe A Ba o =t o § e - [ - -
l:::‘: gz ;E;=§=3.agaf_s’zs stz iz
- ! : T
SEYTS ETTITTTY I U R O 2 - borat foglasi - f -
ISIE EEEIETED SO AN NOTte REA S N S TR R A S DU T O I O B
38 tenTlganitog] 92 {103 9 |t [ ] i 1S . % T+ K03 & 25 & W 4 {40
toe ) o6l q0e W] = | -} 0] - R N I T SPA [y Sgy
b 21 24 S o9 T - Tk ta - t - - - - - P - g
000 a3 9} ry 68 T4 RS [ I ¥ $| ~ - . - - - :.' ;.1 o
ool 331 eS| e ey ) i) M T e ] <] - -'.. = e
soe | 13| sa| t0f %7 oa;ugu RN I I I B I R R TR
sn | g8 Im] — tre ] 820 " lf R e LT . "“i:
o0 | 6o 121 8340 TR 'r'”'!';" ..t- SR
\S . 1 - R FRre—— ———

' #The endurance 1imit was determined in uniform flex-
.ure of a rotating spcuim*n for 2-107 cycle

1) 'I‘vxnperature (°C);-2) (kg,/mn ); 2) T (kb/an ) L) (ke;n/cm ).

TABLE 2

Creep Resistance (on the
Bacis of 0.2% Residual De-
formatior) and Creep
Strength* of the Vri-1, VIS8
and VI9 Alloys (Bat StOCk,
Stampingz and Forgings)

! LR NN L - PR l

l ’ | [ - ¢ e
2 olzi2i2izinin e :[: 2
&0 2 l z l a alz aja|=
1= |8
- qtu mmt)
ot~ d-lafar|-fan] o las] -} as
450 | = J 147 j2a) - g - 851 =« | 55
300 peglav] gigzionf s 40 45 (RS} ¢
850 |« 115w w1 12] - (%] 38jahy -
€ |~ ~fmfml =] =« = lz; -

*The 1000 hour creep strength
for the XT? -1 alloy ccnprises
70 kg/mm<€ at 200° 65 kg/mme

/mme at 500°,
1) Tbmperature (°C); 2) vr; 3) (kg/hma)
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TABLE 4

Change in the Ultimate
Strength of VT3-1 and
VI8 Alloys under Load

Busrpaing w0l wetpyasol

1 T o foem)
”m
Caane | " (+c) 10 [~ o0 | 34e
L o (seman
1 "o L33 ) 3
- e | 33 3 HH
11} t? 11 1
TR sne 1} 2 37
100 o1 34 3
800 | 8 17 12

1) Allo ; temperature (°C); 3) time held under load (seconds); 4)
(ka/am

TABLE 5
Physical Properties of the VI3-1 Alloy

Tomepe (°C) 1 | 20 | 100 | 200 | 200 | 400 | se0 | ¢o0 | 100 | s00 | 00

A (msiamcon*C) .. .[0.018]0,020]0,02
€ {weaje-*C) s S - .13 10,12

3(0,02710.0 0,0 033 (0.007]0.000]0,044) .7
G.14 (0.1 0.13 0,168 - - -

""”(:3’ 4 20100 | 100200 | 200300 | 200400 | 400300 | 300000

SIP UFPO) i is (N 0.0 10.3 10.8 81,3 13.7

1) Temperature S‘C); 2) A (cal/cmesec-°C); 3) ¢ (cal/g-°C); 4) tempera-
ture interval (°C).

e L

The modull of elasticity of heat resistant t%tanium shaping alloys as
a function of the test temperature. 1) Kg/hm

Heat resistant titanium shaping alloys are noﬁ sensitive to stress
concentration in tension in the presence of a sharp notch (ak = 4,5).
At rodm temperature 9.1 = 0.5 Ope When the temperature 1is raised to
500°, o_, 1s reduced by approximately 20%. The figure shows the temper-
ature depehdence of the dynamic and static moduli of elasticity of heat
resistant titanium shaping alloys. The Poisson's ratio for these allcys

1869
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comprises 0.33-0.34., The change in the ulfim&te stfength under short’
duration loads is given in Table 4, o

Heat résistant titanium shaping alloys have a satisfactory heat
resistance. Prolonged holding (lob and more hourc) at 45C-,00° results
in a certain reduction in the plasticity characteristics. Thus, after
the VT8 alloy is held at 500° for 100 hours, ¥ i5 decreased from 40 _
20%, a, 1s reduced from 4 to 3 kgm/bma; while 7, and é practically do .i

not change.

Heat resistant titanium alloys have the following specific gravi-
ties: _ | .
Alloy VT8 VT9 VI2-1
Y 447 4,51  b,50

The physical properties of the VI -1 alloy are given in Table 5.

The thermal conductivity, specific heat and linear expansion coef- N
ficient of‘the VI8 and VI9 alloys are clése to the corresponding proper-
ties of the VI2-1 alloy. The specific electrical resistivity (at 20°)
of the VI8 and VI9 alloys comprises 1.61, for the VT2-1 alloy it 1is
1.58 ohi-mmz/h. |

All the three alloys have a high corrosion resistance in the ma-
Jority of aggressive media (see Titanium). The production process for

making semifinished products, i.e., forgings, stampings, bar stock,

.from these alloys 1s as follows: heating of ingots or billets is per-

formed in ordinary electric furnaces with an air atmosphere or in muf-

fle furnaces, heated by gas, petroleum or diesel oil in a slightly oxl-

' dized atmosphere (to avoid hydrogenation of the metal). The tempera-

ture range for pressureworking is 1166-850° for the VI8 alloy; 1i50-900° -
for the VI9 alloy and 1050-850° for the VI3-1 alloy. |
The time during which ingots or billets are kept in the furnace
when heated for forging must be limited. Billets with a8 dlameter from
1870 '
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10 to 60 mm should be kept ir <he furnace for not more than 50-60 nin,
those with a diameter from 60 to 150 mm should be kept tor'60-90 min,
while those with dlameters from 150 to 40C zm should be held nor more
than 90-240 min. Ingots and billets with a diameter higher than 350 mm
are first heated at 800-850° to prevent the'tormation of cracks and
failure due to high thermnl stresses. Ingots and billets with a smaller
diameter (or thickness) can also be preheated at 800-850°. |

Cast billets are first forged by weak impacts until the degree of
deformation reaches 20-30% and then by stronger 1npacts. To obtain
forged and stamped semifinished products use is made of preshaped
blanks. Intermedliate heating 1s permitted ir the forging and stamping
processes. The optimum degree of deformation between heatings and in-
termediate heatings is 50-70%. If the production of the semifinished
products requires a smaller degree of deformation (20-25%), then the
heating (or intermediate heating) temperature must‘be reduced by 50«
100°. For small degrees of deformation (finishing of bar stock, insig-
nificant finish stamping, straightening) the intermediate heating tema-
perature should be reduced by ancther 100-150°,

The regimes and technology for machining (turning, milling, drill-
ing, etc.) of titanium alloys of a given group are qimilar to those

used in machining stainless steels. o %

Heat resistant titanium shaping alloys are satfgfactdrily welded
by resistance welding methods, and also by molten slng arcless electric
welding and submerged arc welding. Welding must be followed “y heat
treatment to restore the plasticity of the welded Joint.

The alloys of this group are‘heat treated‘(anneéled) in order to
increase their post-shaping plasticity end improve tﬂe'thermal stabil-
ity, i.e., the ability to retain unchanged mechanical properties under

the action of working stresses and temperatures. Doub%e annealing at
1871
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920° and then at 590° for 1 5our-1s-recqmmendéd for the VI8 alloy.
Double annealing: at 950° and at §30'~for 6.hours 13 aisb recommended
for the VI9 alloy. The VI3-1 alloy 10 annealed at R70’ aud then at
650* for 2 hours. The heating tine when ann“alinﬂ the alloy depends
on the camponent or -mirinishudrp;oduut dimenuions, In addition, the
VI3-1, VI8 and VI) allcys cen he uubjécted to hardeniﬁp heat treatment,

1.e., quench hardening and aging which however, has not yet come into

industrial use (see Heat treatment of titanium alloys).

Semifinished products from the VT8 VT9 and VI3-1 alloys are used
for making components operating at tenperatures up to 450° (the VTz-1
alloy), up to 500° (the VT8 alloy) or up to 550° (the VI9 alloy), for

| example, rotors and blades of’ engine compressors.

References: see at the end of article Titanium alloys.

S.G. Giazunov, V.N. Moiseyev and Yu.S. Danilov

T Manue T
;g;:pt ' (Transliterated Symbols ]
Ny, N : ‘
1867 ¥ =TU = tekhnicheskiye usloviya = technical specifications
1867 OTIl = otp = otpechatké = impression | |
1868 Cp = sr = srez = shear
1869 2 = d = dinamicheskly = dynamic

1872
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HEAT-'TREATABLE SPRING STEEL — steel hardenadble by quenching and
tempering and having high elasticity and durabllity; it 1s used in the
manufacture of elastic elements, spring components, and springs. Steels
of this type can be classifled as carbon steels, which contain 0.6-1.05%
carbon, or alloy steels; which contain 0.&6-0.7&%_carbon. Heat-treat-
able spring steel 1s alloyed with silicon, manganese, and chromium;
these elements raise its elastic limit and improve its temperability.
Steel alloyed with tungsten, vanadium, and nickel is used in the manu-
tacture of springs for espécially critical applications. Silicon, sili-
con-tungsten, and chromium-nickel steels withstand impact loads well.
Carbon and particularly chromium-vanadiun steels have the highest fa-
tigue strength.

TABLE 1

Mechanical Characteristics of
Strips (according to GOST
2€14.55)

2 3 8 na Sase

trpynms o BY
apowmocrs | (xajmnt) | o Z00 S8 (naiamnty

3734188
3 486400
2800

ona
nan

30—
Libe ”
2180

N

1; Stren th group, 2) kg/mm ; 3) & besed on 200 mm (¥, no less than);
4) 1P; 5 ) 3P.
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Fig. 1. Physicomechanical charactegistics of 50KhFA steel as a function
of tempering temperature. 1) xg/mm?; 2) tempering temperature, °C; 3)
stress relaxed over 100 hr at 1, = 56 kg/mme.

TABLE 2

Durability of Certain
Types of Heat-Treatable
Spring Steel

H 1, 1 Cocronume o-,lf_, v
Crany ROBEPIRCCTR
(ko mm?) obpa ma (x2. Mmm?)

455Cr 1 ! Maarpos.mua®ft . 168 87 e

ssoxr 1314 { ToO W€ . . oo v o4 -

680C2ZHA [ 219 Javuuirna  nasaae
moR GywaroR . . . -~ [31,2

7851 - Noasposasnan (Hli=
=420 ke mmty . . 168 -

a5502 130 Jsuminena  ancue]

noft Oymarcft . . .30 [3®
80C2 140 T @ o o v v w s 50 {3e
1930X® A| 180 14 Henoanpnuannsn
(Hiaz4i1ze.ma%) (30 [30
Moauposavuan
(HE=477 x2.ant) |67 -

1) Steel; 2) kg/mmg; 3) surface condition of specimen; 4) 555G; 5)

50KhG; 6) 60S2VA; 7) 65G; 8) 5552; 9) 60S2; 10) 50KhFA; 11) polished;
12) the same; 13) cleaned with emery paper; 14) unpclished. -
S ueyuet 1
/
0 / g )
Wﬁzfz-mr;r‘o

Fig. 2. Ultimate tensile strength of steel as a function of hardﬁésé{f o

1) kg/mme. ‘
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Heat-treatadle spring stezel 1s produced in the hot-rolled and an-

e e et

nealed states, in the form of bars, strips, bands, and wire. The stand-

" ards provide for a bar dlameter of 5-50 mm (0.2-25 mm for silver steel);

a strip thickness of 0.08-3 mm, a round-wire diameter of 0.5-14 mm,

7 and a square- and rectangular-wire thickness of 0.6-6 mm.

Strips are produced in accordance with GOST 2283-57 and GOST 261i-
55 from steel of types UTA, UBA, UQA, UlOA, 85, 65G, 6052, €0S2A,
50KhFA, and 65S2VA; Table i shows the mecherfical charécteristics of
strips as a function of strength group.

‘ The chemical composition of heat-treatadble springlsteel of types
U7TA, UBA, UQA, and UlOA is given by GOST 1435-54, that of types 65, 70,
75, 85 and 65G is given by GOST 1050-6C, and that of types 55GS, 5582,
60S2A, TOS3A, SOKhGA, SOKhFA, 60S2KhFA, 60S2KhA, 60S2VA, 65S2VA, and
60S2N2A is given by GOST 2052-53. The meéhanical characteristics of all
" these heat-treatable spring steels are given by GOST 2052-53.
| Figure 1 shows the character of the variation in the physicocmechan-
-1cal characteristics of heat-treatable spring steel as a function of
tempering temperature, using 5CKnhFA steel as an example;

Carbon and low-alloy héat-treatable spring steels are character-
i1z2ed by a monotonic decrease in hardness as tempering temperature
rises.

Different types of heat-treatable spring steel with the same hard-
néss after tempering have almost the same ultimate tensile strength
(Fig. 2). As their hardness increases (RC > 50) the tendency of high-
strength heat-treatadble spring steels to undergo delayed fracture un-
der the action of a constant applied stress becomes stronger. In the
majority of cases delayed fracture of springs is caused by fine super-
ficial or 1nternal cracks. Cracking occurs during manufacture of the

wire or quenching of the springs and as a result of etching and hydro-
- 1875 ‘
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gen absorbticn during cadmium-pléting, zinc-plating, or application of
other cogtihgs, High'requiremenﬁs must consequently be imponed on tre
quality of the uirc and of the sufface of the working tufnm of the
spring. " A

CTABLE 3

Heat-Treatment Repimes for Coiled and Flat Orrine:

2 Temu-pa (‘) .
1 : ™ i P T
Cram 3 aanaaRe s RC Cno mwdy ~ 1 -”-J-
" w3 oONYNS ] % . N
[2ALR TR g a4 e 42 48 - - -
TYBA, VIA, 170790 Inu- 424 (XYY - - -
3 10A
sésy ) AN -a20 RITPoS Y So—An -— - -
SCUCZA, PNACY LTI Y] Qs ANu [ Y] thon Lgns fone Y
107uCTa, T Natioayn Ao g ey tho <id "oy “_
R TANLYY LB T AT dn Ariagn Beie 45% 0 wn 0.
13640 HA [ YIS YNT] &0 B 465 fee e by w .
13830 A Rid Gy [RTR N P the fio e e
1e60C2H2A B4i- w60 AW -elD (USRI YT 1) T { ",

1) Steel; 2) témperature (°C), 3) quenchinr 4n o
mme 3 6) 7) UBA, UQA, UL0A; &) €5G; 9)

It 1s miue to quench and temper helical and flat -prin-: toc a rard-
ness of 46- 50 RC. |

The principal methods for hardening springs and ;ncreasing trhedir
resistance to cyclic lcads are hydroabrasive treatment, -hot-blasting,
and oriented‘cold-workidg, the latter belng carried out by loading
coiled spfings under étresses éxceeding the elastic (progortionél) 1im-
it of the steel. The cyclic.stfength of the steel can be considerably

increased by nitriding.

The befmissible calculated stresses for springs should be celected

in accordance with the type of steel, loading conditions (statlc or

dynamic), service 11fe, design, and type of spring.
Depending‘on operating conditicns;.springs are cadmium- and zinc-
plated or oxidizcd‘in.order to provide corrosion protection.
Refcrences:?Sergiyevskaya, T.V., Ressorno-pruzhinnyye stali

{Spring Steels],rin book: Spravochnik po mashinostroitel'nym materialam
o 1876 '
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[Handbook of Machine-Building Materials], Vol. 1, Moscow, 19593; Avto-
mobii'nyye konstruktsionnyye stalil. Spravochnik [Automobile Structural
Steels. A Handbook], Moscow, 1951; Metallovedeniye 1 termicheskaya obra-
botka stall & chuguna [Metalworking and Keat Treatment of Stmel and Plg
Iron], Handbook, Moscow, 1956; Spravochnik metallista [Metélwcrker's
Handbook], Vol. 2, Moscow, 1958: Shmykov. A.A., Spravochnik termista
(Yandbook for Heat-Treatment Workers], 2nd Edition, Mcscow, 1961.

A;L. Selyavo
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- HEAT TREATMENT HARDENABLEZ TITANIUM ALLOYC — alloyr whore strength
can be substantially increased by heat treatment (as a rule, guench
hardening and.artificialraging). The strength increase is obtained by

retaining metastable phases by quenching with subsequent decomposition

of these phases in the aging process. Several types of heat treatment

hardenable titanium alloys with the a + 8 structure exist; basically

two of them have come.into industrial use: 1) "martensite" type alloys,

which are hardened'dne to.the decomposition of the metastable B and a

(a') phasesf(titanium'martensite). This group includes, for example,

the VTlA and VT16 alloys; 2) alloys with a metastable B phase, for ex-
ample;”VTiSffﬁhiéhm1s7quénched’to”thé*B phase both by rapid cooling ~ .
(in water) and b&aslow cooling, for example, in alr, Isothermal heat-

ing at the'aging temperature results in the decomposition of the B

~ phase with a precip‘tation of the disperse a phase, which is accompan-

led by a sharp increase in strength (see Titanium alloys)

The maJority of industrial titanium alloys with the a + B struc-
ture: VT3, VT3 -1, VT6 VT6S vr8 have thelr strength increased to one
or anothertdegree by heat treatment. However,,heat treatment of the
VT14, VTlS and VT16 high-alloy -alloys is nost effecti#e; these alloys.
are used pzimarily for making sheet metal semifinished products: (sheets,
ribbons, strips), and also forgings, stampings, bar stock, etc.

| Sheets, ribbons and strips from the VT15 and VI16 alloys are clad
by the VIl- 0 or . VT1- 1 commercial titanium for protection from selec-
tive oxidation in the process of heating attendant to hot pressurework-

1ng and heat treatment as well as from hydrogenation when the sheets
. R B . . . . ' 1878 P,
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cned L . ciadiirg layer from coft ranium pro-

motes increasirg the plasticity and Lmprove the surface finish of *ic
sheets, Components from clad metal operate reliably in designs. Clad-
ding 15 performed by hermetic welding of a titanium sheet to the sleb
(along the perimeter) and subsequent rolling by the ordinary produc-
tion process methods. The thickness of the cladding layer (after roll-
ing) comprises 3-5% of the thickness of the nonclad sheet per side.

TABLE 1

Propertles of Heat-Treatment-Hardenable Titanium Al-
loys at Varlous Temperatures

i |

o O3 “na 2 }

Texa-pa e‘ a,*
. L7
(*C) 1 L (et %) 3 (342, cam?)
Cuxzas BTt & (ancr 1,5—5,0 am)
-10 130—150 120—135 - - 2.0-~3.5 1.8=2.%
20 115—140 108130 95108 11009 $~—t0 2.%5--1.%
350 85100 70-80 8360 K900 3,%-8.4 -
400 80—94% 88-—-7% 45--5% 8700 {8 -
430 75~90 60—-T70 $0-50 8500 48 -
800 70178 80—-60 3040 8700 -~10 -
6 Coaans BTt (amer 1,5—2,0 an)
-10 150163 - - ! - - 1.3=2.0
29 130~150 t18—140 109—1290 110060 3.0-4.8 2.8-1.0
Yoo 120~130 108—-120 9 —-1U0 ‘ 100090 4-5 -
400 $110~120 109—115 A6~-90 9500 45 -
500 100—110 80—8¢0 45598 l 7300 [ ] -
7Cnauo BT16 (amer 1,9=2,0 am)
-10 135—~150 - - - -8 [ 2 ]
20 $25~145% 110129 83100 1000 44 [ 4
300 9198 81—8% 5087 %000 3-8 -
350 9095 79-8% 50~80 V100 44 -
400 A8~-04 7782 30-~54 [ N A8 -
450 80~87 81-—68 3a—40 8000 §~8 -
500 78~80 52-—-87 25-28 - [ T2 ] -

'*For bar stock.

1) Temperature (°C); 2) pts; 3) (kgm/cma); i kg/'mm2 5 5) VT4 all
ésheet 1.5-5.0 mmg; 6) VI15 alloy (sheet 1.52250 mm);)T) %TlG alioyoy
sheet 1.5-2,0 mm). ‘ .

The VT14, VT15 and VT16 alloys =re recommended for :Ju-onente ouk.

Jected to high loads hade from sheets, forgings and stampingé. The
VT14 and VT16 alloys can be used for fasteners subjected to shear and
also for welded designs.

The properties of heat-treatment hardenable VI14, VT15 and VT16
alloys are glven in Table 1.

Sheets from the VI14 and V716 zlloys have, correspondingly, the
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and 12-37%, a.. = £=12 ken/om™ ang 17« kom/imT. Tho hicler plasti ity

of the V"6 -~ 'oy in ‘he annoaled staw i. &lso characterized by the

greater vending angle: when r = iﬁﬁ & (4 15 the thicaness) cheets frem
the VI16 alloy (& := 1.0 mm) have ;-bending angle of 80°, while cheets
from the FT14 alloy (¢ -+ 3.5 mm)-have a bending arﬁle of 4u°, and for
8 = 4-5 mm thelr tending angle iz 30°, In th2 annealed state and for
close vaiues of the ultimnte ctrengih =~ “he three alloys (o, = 80-95
kg/mm> for VT16, 90-100 kg/mm® ror \T° 95-105 kg/mm° for VTL4)
the VT14 and VI16 alloys are distinguiched by a low yield point (CO.Q =

? for VI16), which is

= 65-76 kg/mm® for VILh and oy , = 35-50 ke/mm
jue to the martensitic decompositioin of the B phase of the quench hard-
ened VT15 alloy 1s stable undér load ahd such a phenomenon 1s not ob-
served. The VT16 and VT15 alloys in thz form of bar stock have endur-
ance limits (based on 2:107 cyles) of 52 and 50 kg/mm°, respectively.
Sheets from these alloys have a substantially lower fatigue stréngth
(o = 36 kg/'mm2 for VT16, 44 kg/'mm2 for VT14) which, apparently, is
due to the surface finish.

The heat resistant characteristics of heat-treatment-hardenable
titanium alloys are given in Tables 2 and 3.

The VT14 and VT16 alldys can in dertain cases be‘used for making
of bolts instead of the 30KhGSA steel. Bolts from the VT1l4 and VT16
alloys are by 40% iighter than steel bolts. Heat treated ta o, 2 110

kg/hmg, they have the same tensile properties as steel bolts and are

scmewhat superior to theﬁ with respect to shear strength (Table 4).

Bolts made from the VI14 and VP16 alloys are not liable to cross-

thread and do not show tendencies towafd retarded brittle fallure.
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vreep Strength, (resd Fea
sistance and Lnd.rance
of Heat-Treatment Hardene
abtle Titanium AVlcys |
Tewn-pe T | Oerw | o
o] S clmemmry -

3cnnas BTi4 (amey 1,550 mn)

850 - - 53 H C -
40¢ 1) L 1
450 84 - -

4 Cnass BTId (amet {.5<2.0 mu)
340 93 83 §gee
400 7% -— - .
500 35 - ' igee

‘Cnaas BTIS (RweT 1,0-9,0 )
¢ (1] 70 k] ]
350 80 . 60 , L
07 .21 bl 14
]

*0n the basis of 2-107 cycles.
*##Bar stock. '

1) Temperature (°C); 2) kg/mm2); 3%TVT1& alloy (sheét 1.5-5.0 mm) 4)

VI15 alloy (sheet l.5-2.0 mm); 5) VI16 (sheet 1.0-5.0 mm).

TABLE 3 .

Change in the Ultimate
Strergt’. Under Load of
Heat*-T:astrent-Hardenable
Titanlim A.loys

1 “é'__.Bpeml HArDYWENAN (CeK.)

Tesnpar | 0 50 | 300
(W) :.”i“" [ 150

‘ »
1 l O (ns/ um?) q

4 Coaas BT14 (amcr §.5-5,0 mm)
300 - - - - 110
400 102 - - - 100
800 78 - 70 e [ 1]
400 (1] (1) 0 34 30
700 23 té 14 12 10

—F

D Coaas BTiY (amcr 1.5-2.0 anm)
300 - - - - 138
400 - - - | =1 1%
800 - 108 103 100 "
600 - A8 | A 38 33
700 - 19 12 12 12

Fangse RTIA (amer 1.0 2.0 um)
0u 2 - 9" - ”
400 63 - 58 - 5
700 33 - 27 - 23
800 17 - 13 - 10

\

1) Temperature (°C); 2) load applicafion time (sec); 2y n
VT14 alloy Ssheet 1.5-5.0 mm;; 5) VIl5 alloy (gheegpl?%-ggémzm;’ ;

sheet 1.0-2.,0 mm

VT16 alloy
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Troperetas of 3clec from
Titandun Alloys as Compare
2d with Steel Bolts
Provpytwasunan pa-i Paopymam.gsn ue -
yama Nos py- Thy M irpm
l . CIAMCAR (k) 3 [t AT E 7]
Pesnba )
s 415 6<
A B - - -
[ e - b
| =2|lzal&]l&s3
M8 ... . f2110] 214012110 72020(21301 1974
Mre |, | 38003850 (38000620 3800} 3500
Mi10o .. .| 6000]|8100] 6800056505900} 54990
Thread; 2) tenslle breaking load (kg); 3) shearing breaking

1
(l)<8), ‘*) VI14; 5) VI16; €) 30KnGSA.

load

Following are the properties of VT14, VI15 and VP16 alloys in the

heat-treatment hardened state:

Alloy VT14 VT15 - VT16

Y 5 4,52 4,89 4,68
p (ohm-mm“/m) = 1.55 1,11

ficients are given in Table 5.

|

The VI14, VT15 and VT16 have a high corrosion resistance

" The thermal conductivity, specific heat and linear expansion coef-

|
o a ma-

Jority of aggressive medla (see Titanium). The VT14 and VT16 have a

good and the VT15 has a satisfactory plasticity in the hot state. The

technology of hét pressureworking and the heating regimes for

or billets are the same as for other titanium alloys (see Heat

ngots

resist-.

ant titanium shaping alloys).

It is recommended that the VIT15 be heated in furnacés with a pro-

tective ntmosphere. The fcraing temperature ranga is~1150-850°,
hot rolling temperature 1s 1000°, the warm rolling teéperature
7C0°. The élloy can be cold rolled and cold sheet pressworked w
degree of deformation of 50-8C%. ) | o

The VT14 alloy is sensitive to overheating, for which reas

1882
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cemrerature reeue fIir LU0 rpeisuraowsrfaing mast te atricotly kept.
temperature range for forging or hot rolling of ingots 1is 1050-750°,
the temperature for forging compcnents fr m blanks 1s 930-750° (the
2 + B range) with a degree of deformation of not less than 40-60%., The

VT14 alloy 1s warm roliled at 750-550°. Cold stamping and rolling in
several passes with a total degree ot deformaticn of 40-60% is permit-

ted.

TABLE 5

Physical Properties of Heat-Treatment-Hardenable Ti-
tanium Alloys

Tenn-pa ncusransn (°C)

Cozas ] 25 | 100 | 200 | 300 | 400 I"s00 | 00 | 700 | #00 | woo
3 A (mas/cm.cen-*C) o

BTHe B ... ... 10,020]0,02210.025)0,02410,0310,0930,03770,040)0.044 0,048

BTIS . .......... I - lo.on 0,023]0,027 0,031 0,033 | 0,039 0,048)0,048] 0.052

BT18 . . . ...... .. |0.023 0,028 0,029 0,032 0,038 | 0,028 [0,040 0,003 0,047] 0,031
¢ (nca2:*C)

BT . . oot ne e | = J0.0270,43 0,14 ] 0,48 ) 0,16 | 9,47 } 0,20 | 0.38 ) —

BTIS . . .o ean - Jouz o fe.ns|o.s 0,18 | 017 [ 0,10 [0, 10 | ~

BTIS .. ......... - Jour]ezfo3]o,n o.n,o.nlo,u[o.zo] -
8104 (1/°C)® :

BT . v v v e | = | 8.0 | 8.2 |85 | 8.8 |89 ) 8.6 58|01 {8

BTIS . .......... [ = ot [9o3]os|oa]oz]so]ec]oe]es

BTI0 ... ...t ns [ = [ ot [ 98] 9.7 | e [10,0 | 0607 Jr0.1| -

*When heated from 20° to the specified temperature.

1) Alloy; 2) test temperature (°C); 3) A (cal/cm-sec-°C); 4) VT; 5)
(cal/g-"C).

o

The VI16, as the VI1l4, alloy is sensitive to overheating and a
strict adherence to the temperature regime in pressurewérking is neces-
sary. The ingots should be forged and hot rolled in the temperature
range of 1000-800°, components should be forged in the range of 850-
700° (a + B rangs) with e degree of d formation of not less than 40-
60%. The warm rolling temperature is 700-500°, Cold sheet stamping and
rolling in several passes with a total degree of deformation of not
less than 40-60%. The warm rolling temperature is 700-500°. Cold sheet
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stamping and rolling in several passes with a total degree of deforma-
ticn of 50-TO% is permitted.
TABLE 6

Properties of Welded Joints of Heat-Treatment-Hard-
erable Titanium Alloys*

R)‘ro.n aarnba (rpai.) [4 ay, (xa/mm®)
Cuzas COCTORHNG CBADHOIG CORMINMEHES ocionsof | EBAPNOC | 0 onuo | SRADIOO
1 2 ) : werann c"e':':c"z ucrana | CO%Imes
[
= S 1~

Hocae eubn Ges Tepumw. 0dpadorrm 7 4--60 l 2540 94—102[ 95160

-]
BTi¢ Orwar npn 800850 9 reveune 15 smit.; ox-| 55.-63 4560 92—100] 94—101

AsNaeHNE HA BOSAYIC q

3anazna ¢ 870210° » sone, crapeume upni{ 2530 12027 120—130]110~12¢
$20240° 5 Tewonne 18 wac, 10

BT1S | Tlocae csapum Oes TepMuy. 08)aG0THNI 70—120, nﬂ--s.’m{ 99—=04 | 9197

Nocae csapum Ges Tepmuy. o6paborxn 80-=100 , Tu=t2n ‘ n3—gh Bhemtts

BT1S 3ansang ¢ 780210° B sone; crapenne npu
5202 10° » Tevenme 12 wac. 11

3545 , 3040 i 125—135] 107120

#Sheet 1-3 mm thick.

1) Alloy;_2) state of the welded joint; 3) bending angle (degrees);

4y (kg/om2); 5) base metal; 6) welded jolnt; 72 after welding without
heat treatment; 8) VT; 9% annealing at 800-é50 for 15 min, alr cool-
ing; 10) quenching from 870 * 10° in water, aging at 520 + 10° for 16

hours; 11) water quenching from 780 * 10°, aging at 520 % 10° for 12 -

hours.

With respect to machining (turning, milling, drilling, etc.) heat-
treatment hardenable tit#nium alloys aré close to stalnless steel. The
VTI15 machines poorer than the other heat-treatﬁent-hardenable titanium
alloys. |

The VT14, VT15 and VT16 alloys weld satisfactory by all welding
methods used for titanium. %.lde. join*s made ry argon-shiel-“ed arc
welding do not differ by their strength and plasticity from the base
metal., To increase the plasticity of the welded joint in VT14 alloys
it mﬁst be heat treated. Heat treatment (quench hzrdening and artifi-
cial aging) can be used to strengthen welded joints of VT1l4 and VT16
alloys; the welded Joints from the VT15 alloy tend to become brittle

after hardening heat treatment. Typiéal'properties of welded joints of !
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the VTi., VI'. aun’ VT16 alloys (sheet thickn:ss 1.5-2.0 mﬁ) made by
argon-shiclied ar- welding are presented in Table 6. |
‘Wire from a titanium alloy with 2-3% aluminum is recommended for

a filler when welding the VT14 alloy (if the Alloy is aﬁnealed,.fhen
a filler from the VT1l-1 alloy should be used), while wire from fhé
VT1i7 alloy (10% Mo, 2% Al) 1is recommended for the VT15 and VT16 alloys.

| Thé,VTlh, VT15 and VT16 alloys are subjected tc annealiné and to
hardening heat treatment, i.e., quench hérdening in water and fo grti-

- ficial aging. (See Hez*: treatment of titanium alloys). If compohents

or semifinished products fram the VT14, VT15 and VT16 alioys have an
elevated hydregen content,vthen it is’recommended that it be removed
By annealing at 800-850° in a vacuum of not less than 10'3Amm of Hg
for-1-2 hours.

_ Heat-treatment-hardenable titanium alloys are recommended for use
- at room as well as at elevated temperatures. The VT14 alloy 1s used
for making components and articles operating for prolongeq per1ods cf
time’ at temperatures of up to 400° and for short periods 6f time at
temperatures vp to 500°; the VI15 alloy is recommended for extended
opération at temperatures up to 300° and for short-duratibn work at
.up to 500°; the VT16 alloy can be used for long periods of time at tem-
peratures up to 350° and f&r short periods of time at up to 700°,

References: see at the end of articl. “lit.daan alloys;

V.N. Molseyev and S.G. Glazunov

Manu-

gg;épt [Transliterated Symtols]
No.
‘1879 nuy = pts = proportsional'nost' = proportionality
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'HEAT® TREATMENT OF ALUMINUM ALLOYS. Three kinds of heat treatment
4arefused.fof aluminum shaping alloys: hardening, aging and annealing.:
The alloys are made stronger by hardening and aging while thelir
strength is reduced by annealing. Only alloys in which the solubility
of alloying elements in the base metal increases with a forced air cir-
culation or in seltpeter baths. Heating of components in a molten mix-
'ture.of salts ensures rapid and uniform heating. Air furnaces are more
economical and safe than saltpetef baths, but the heating of metal in
'an aif medium is much slower. The minimum necessary rete of cooling
on quenching 1s determined by the nature of the alloy, dimensions of

'"components and the level of the required corrcsion and other proper-
tieSs For example, in order that pipes from the D16 alloy, intended

. forvcritical service, should possess high co;rosion resistance proper-
ties,lthey must be pre-quench heated in vertical air furnaces with a
forced alr circulation and submerged in water at a rate of not less
than 0.8 m/sec. The temperature of the pre-quench heating is determin-
ed by the nature of the alloys (Table 1), it“ie’highegwphan the solu-
bility limitrof iheialloying elements, but does not exceed the solidus
temperature. The duration of heating depends onvthe kind and thickness
cf.theISemifinished product (Table 2).

Incubating geriod'— time interval from the instant of quenching

to the beginning of perceptible strengthening of the quenched alloy by
natural aging (see Aging of Aluminum Alloys). The duration of the in-»'

cubation period depends on the nature of the alloy after quenching It

is desirable that pressureworking in this state be performed in a single
' 1886
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TABLE 1

Temperature of Pre-Quench
Heating of Semifinished Pro-
ducts from Aluminum Alloys

FP s
£35, &%
THEBL
n
1 H )
‘ 1 Bu%:.','ﬁdn- 2.3.& 32
, Comas FaTa “23 x2
F23 53
TN
]
‘ :ol [~ =
|
B 1 9 95—
Ris) 5 |ammb a5 | s00sais
18 Mpeocos, noxydad-| 680 405303
ﬂw} pEEaT™ m pamwru| 495 | 495-.80%
o ? - o0 | §95~81)
ae - 495 | 497308
13}3127 8 - 925 | $30-8540
atit = e
BAI1 Jdmerle 500 | 403=£:9
AJl31, Bce axJM BoOAY:
:ﬁl;ilo 1xpadpurarcs
AB]1D 505 § Si0-530
AKé6, Bce sxaW  poay-
AKg-1 l{ltaﬂr.lnuou 530 505-52%
:m - 490 | 485%=303
AKi-1 - 820 | 325-540
AK2 - 505 | 510—820
B9s, BISL 3 - 460 | 435-478
L‘An239 - $15 | 320-528

1) Alloy; 2) kind of semifinished product; 3) temperature from which
‘the heating duration is reckoned (°C); &) allowable interval of harden-
ing temperature; 5) D; 6) sheets; 7) pressed semifinished prcducts and
plates; 8) VD-17; 9) VAD; 10) AD; 11) all kinds of semifinished pro-

ducts; 12) AV; 13) V.

operation, since nlastic deformation produces a perceptible strengthen-
" ing of the allow as a result of decomposition of the hardened, super-
saturated solid solution. This property is used in :he industry, where
in order to retain the high plasticity of the alloy during the incuba-
ting period (freshly quenched state) the components (rivets) are held
in special refrigerators.

The high plesticity of the material in the freshly quenched state
is used for straightening of products after quenching. Stretch
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TABLE 2
Holding Time when Pre-Quench Heating of Semifinished ,
Products and Components in Alr Furnaces and in Salt- . -
peter Batns . o
HNLOMMEATEARIOCTD BMArPIKKR
, (mun.)
Br noaydabpaxata r‘;’m"‘:{?‘ 3 )
l B AOLIYUMNE 8 COANTIOAME
2 u Hesax . NIHUAX
6 JINCTM DRAKNDOBAHNME OTOMNEHUNC “no .4 -2 5
' t.5~1.% $5--20 7
2§ 2028 10
d. 110 A5-40 20
JINCTM HELTIKRPOBAHKME OTONCKCITIINEG, TPYOM go t. 1H=20 5
ROAOAHOAPDUNMRPOBERHNE OTHHOMCHIINE, TN {31 15=40 10
8 TH FOPANCKATANKE, NHAONAN, NHYTKM, A0d0- 3. 15 20—45% 15
CH W BTYAKK POPANENPE- COBAHIIMC S.t—tu 3u—~80 20
: 11=20 1575 28 -
2130 45-90 30
3156 80420 40
54~75 100=45%0 50
76--100 20150 70
104—150 150210 L1
tlitamuoann B goxRoRNN ma s 1530 tn
9 2,63 20—45 13
S.1—15 30=50 25
16--30 080 40
3t-50 su—150 50
5{—75 . 180-210 8n
76100 1RO-240 9—tnp
101~—1%0 2t0-1380 . 120240

1) Kind of semifinished product; 2) material thickiess (mm); 3) hold-
ing time {min); 4) in air furnaces; 5) in saltpeter baths; 6) clad,
annealed sheets; 7) up to; 8) unclad annealed sheets, cold pressure-
worked annealed pipes, hot rolled plates, shapes, bar stock, hot
pressureworked strips and sleeves; 9) stampings and forgings.

straightening ailds in the redistributlion of internal stresses, per-
ceptibly increases the yileld strength and is mandatory operation for
certain kinds of semifinished products (pressed products, plateé).

Age hardening. Age hardening regimes for;components and semifin-

ished products from aluminum alloys are presented in Table 3.‘itA ‘
should be taken into account that piastic deformation (vy 2-&%) in the
freshly-quenched state can reduce the ultimate strength of cohponents
from the V95 alloy in the artificialiy age harderied state by 1.5-3 '
.kg/mmg. The absence of a moderate plastic deformation (stfaighﬁéniﬁg)

in the freshly quenched state in semifinished products from'thé:ahneal--

- ed state, can result in reducing 6, by 1-2 kg/mm2 and of 64 5 By 3-5

kg/mm2 in the aged state.
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TABLE 3

Age Hardening Regimes for Components and Semifinish-
ed Products from Aluminum Alloys

e

I poRnmuRTe AW

: Teuneparynrn .

Cunae Hua noaydabpuwara * . C.tapenme - ﬂ,.m.:}.” ﬁnmvu::;;en"_.
il 2 3 : '

; k - Ecrecrsennoce - Komnatnan [ 1]
ﬁ:.’ﬂﬂ. s qﬂ“r;l"n aeaydaopurs B To me - ’ To we 120~240
lilo Zhu'ru :1;1- li!cnyecne-moe* 188~1903 t2

Tipeeco toaydal- -
puKaTH _ To we 188103 0
2 laprrmomanse -
a2 Bc;‘:n:m noaydannna RO 88—t 70 10—16
l I pexny '."'“"220 :3
Henyoe raennce IRG=190
;1'17 5 To." 0 we 183178 18
AR, AH]!. 17 . ECTecTsennoe Hosmaran 1 1]
I?H ¥ . HenyreTeennoe 150183 a=13
AKS, AKS-1 . 0 me 150~18% §—-13 -
AKnw . . 1950165 =13 "
AK & . . 188180 tN=—{ &
AKét “ . . 183~195 812
M40 JIncrw Hrryccrsennoe 150180 {0
[IAKOANR | NPOCCOBANHNE To me 1885=17Y is
. X ¢ 4
Ros { 9 Inemydedpmrand 1°g . 120128 24
B9#5* 5.4 Mpeccosanume A03y 16 . 135142 16
HNATM K MTaMLHORKN
B9 Bcpc sna noaydadpuxarton Henyecers. 138~143 16
v} L Crynensarue 5
7 21 1 erynens £ 95103 [T ]
Aac 11 cryu::gg 153180 [ B8
B To we . TyDexsa T
10 43 1 cryness ' 118125 3
il crynens - 140=—~130 [

*If the semifinished products from the V95 alloy
have a strength and elongation highly in excess

of the technical specifications, then gradual sge
hardening can be used as follows: stage I — heat-
ing at 115-125° for 3 hours; stage II — heating at
157-163° for 3 hours.

1) Alloy; 2) kind of semifinished product; 3) age hardening; 4) age
hardening temperature (°C); 5) age hardening duration (hours); 6) D;

7) all kinds of semifinished products; 8) natural; 9) room; 10) same

as above; 1l1) sheets; 12) artificial; 13) pressworked semifinished pro-
ducts; 14) regime I; 15) regime II; 16) VD; 17) AV; 18) forgings and
pressworked semifinished products; 19) V; 20) gradual:; 21) state I;
22) stage II. ‘

Annealing. As a result of processes of recrystallization, polygon-
1zation and recovery, annealiﬁg reduces\pr completely eliminates the
strength 1lncrease produced by the cold hhrdehing of the material. In
alloys which are being strengthened by heat treatment, anneeling also
produces decomposition of the solid solu%ion and coagulation‘of the
decomposition products, which 1s‘accompaﬁied by redﬁcing the strength
of the alloy and increasing 1its plasticity. The &nnealing regimes are

{ (2
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recommended on the basis of the nafure of the'ailoy and the intended
service cf the maferial' Semifinished products and components from
brand A0O, AO, Al, A2, A3, Au ADl AMts, AMg, AMg3, AMg5, AMg5V and
AMgb alloys, for which strengthening heat treatment is not used
should ope annealed '

High annealing'- it 1s'a heat treatment consisting of heating the

metal to a temperature of'300f500°, at wh;ch, as a result of intensive
recrystallization, tne‘greetest reducfiax in strength of alloys of
this group is achievqu(Tebie Ly, To prevent increasing the grain
size, the holding'time]should be minimum. The grains grow particularly

intensively in sizc gpon slow heating. Hence the heating for high an-

" nealing should take place at the maximum rate. Flaws in the form of

blow holes which resnit from the generation of hydrogen can appear on

sheets from brand AOC, AO, ADl and AD at high annealing temperatures.

 Therefore temperatures above 450° should be avoided.

Hot rolled sheets and hot pressed pipes from AMg5, AMgS5V and AMgb
alloys should be annealed at 325-350° before cold rolling. All the
semifinished products from these‘alloys should beISUbJected to final

TABLE 4
- High Annealing Reglmes*

Bpeun smaepun
- 3 (emu.)
-1 Tellepa
Caaas oTwmara opn ups
: °C)  |lroaumne } FOArINNE
Naleann '3:;’;:"
20 8 mum 6 mm

A0D, AD, AT, )
2,"A3.' A1, | 350~300 ;
ALl AM 1—10 | 10—30
84:-, Alr!’] 350--420 {10 npo-

AMTS, rpess)

Q AMeSH, 210335 | 60—180 | 120180
AMré .

*Air is the cooling medium.

1) Alloy; 2) annealing temgerature (°C); 3) holding time (min); 4) for
a product thickness up to mm; 5) for a product thickness in excess
of 6 mm;. 6) AD; 7) AMts; 8) AMg; 9) AMgSV
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annealines at 310-335°, In thin cace they acquire thne required corro-

sion resistance.

T s g, o DD

Low annealin; — 15 a heat treatment consistine of heatin: the

material to a temperature of 150-:C07°, at which the recrystallization
take:r place clowly, and partial reduction in strength of the harden-
ed metal is obtained by recovery or relaxation, 1.e., a semi-hLarde:n:

state of the material is obtalned.

TABLE 5
Low Annealing Rerimes*
fipcun en-
Tevn-ra epamu 58
Cnarm urenra La 3 GN R
] (it MATCPRL
+ [ e
Avd AL AL AL AL,

A AL 4 L] 2-.3
A\lu . b L] 2o dag 1—2.%
AMe o0 Lo~ f.2
AMyi L. Py RR T -2

*Alr is the colling medium.

1) Alloy; 2) annealing temperature (°C); 3) holdire
time for all material thicknesses (houro), L) AD;
5) AMts; ©) AMg.

The temperature for low annealing of aluminum within trhe limit:
shown 1n Table 5, is selected dependins on its admixture ccntent. A'
hicher annealing temperature 15 used for a higher admixture content.
For the AMpg3 alloy the annealing regime shown in Table 5 encures mec! -
anical properties correspronding to the annealed state.

Full annealing — 1s a2 heat treatment consisting cf heating tre

metal to & temperature at which the caturated solid sclution is leact
stable and subsequent slow cooling, which ensures that processes of de-
composition of the so0lid sclutlion and of coagulation of the decompousi-
tion products take place. It is used for removing the strength in-
crease which was obtalned as a result of quenching ?nd age hardening

or hardening (cold deformation), and also for complete remcval of in-
ternal stresses. After full annealing the semifinished prodncts have

1891 ' ﬁ
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the maximum productlion process plasticity fpr the given alloy (Table 6).

Foreshortened annealing — is a heat treatment consisting of heat-

ing to a temperature at which the saturated solid solution decomposes
at a high rate, holding at this temperature, which 1is sufficient for
maximum precipitation of intermediate phases from thé solid solution

and subsequent air cooling.

TABLE 6
Full Annealing Regime
Bpenn aune )
i Teuo-pe ::ﬁ".".'. c:?m
e LR | el | e
; AW (.
i, &16, 5
6 Pt 00 | t0—s0 3093 20
g?", ne ..t ? 480 360°,
0 ..., 400—420 saTen ma
soaayze 7
B85, Be¢ . .| 390430 10=80 | 30%sa0
130°,
' ayrew ia G
souyxe

1) Alloy; 2) annealing temperature (°C); 3) holding time for all mater-

ial thicknesses (ming; L) cooling rate; 5) D; 6) VD; 7) 30°/hour up to .~

260°, then in air; 8) V; 9) 30°/hour up to 150°, thea in air.

TABLE 7
Foreshortened Annealing Regimeu®

Bpenn su-
M0-pa ACpARE ARR
1l Coxnas ‘l;”“n lecpx TORBUBY
*C) MaTepRasa
N 2 - (vac.) *¢
q § »
1, X168, BX17, o419,
a{i’zo. d2t" . n 11 330370
,Bve . B. ... 290320
x RERSPRES 330—-420 -4
Y77 N 350—400
AKS ...l .L Ll 380—410

#The cooling medium is air

or water. .

**hen annealing clad sheets

it i1s recommended to reduce

the holding time to 20 min-
1) Alloy; 2) annealing temperature (°C); 3z holding
time for all material thicknesses (hours)¥**; 4) D; - -
5) VD; 6) V; 7) AV. Lo

- After foreshortenei anhealing_(Table 7) the semifihisﬁed"products

| products can be cold pressureworked with medium'degreéﬁﬁptﬁderérmation.]
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eince they become less plastic than after full aunealing.

Since natural aging or the V95 and V96 alloys may take‘piane fol-
lowing foreshortened annealing at the above temperatures, the material
should not be held between the annealing and strengthening heat treat-
ment for longer than 10 days.

Heat treatment of cast alloys differs from heat treatment of

shaping alloys; For example, the Tl regime (artificial age hardening
without pre-quenching) is used extensively for increasing the hardne:c
of components cast from alloys to improve their machinability; and
also the T2 regime (high-temperature tempering) which 15 uced for re-
moving casting stresses and the T9 regime (repeated cyclical heating
with subsequent cooling) which is used for stabilizing the component
dimensions (Table 8).

The pre-quench heating time for cast components is many-fold
greater than that for shaping semifinished products. This 1s due to
the fact that the cast metal has a rougher and more heterogenous
structure.

Depending 6n the nature of the alloys, casting methods and tre
intended use of the components, one or another heat treatment regime
may be used. Varying the heating rate, time of holding at the appro-
priate temperature and the cooling rate, 1t 1s possible to obtain com-
ponents with various propertles. For example, components can usually
tc hardened by quench hardening or quench hardening with subsequent
aging. In the first case the increase in the strength and plasticity
indicators 1s produced by dissolving strengthening phases in the solid
solution. In the second cas the highest decomposition of the super-
saturated solid sclution. When establishing the main parameters of'
heat treatment (tenmperature, holding time, cooling rate, etc. ) 1t 1is
necessary to take into account the structure of the compcnents, 1 e,

1893
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TABLE 8

Typical Heat Treatment Regimes for the

Used Cast Aluminum Alloys

Most Extensively

&g 2 3“-:;.1 4 Cm;omso Y]
' e S~
! n - % TANSHA palnrid
Cazas | 2% 2 'mm-nﬁ 27 *s-iﬁ :g 6 lzj ;g)e LA neraned
g-‘g marpesa °C) | 934 1 32855 §ES ii; 2iy
1 -4 @aL | o525k | EET | akr | 555
A’a;l 0 Tt - - - 17849 | 39 oo Jﬁro;!: MARGR (i p YAl
/ ars .
Al T2 - - - 3002t0] 24 ! Heraam, TpcOywsuwe no-
CTORNCTRI  PaMepod N
) cunrus u.cram-umx s
) - apRIxer
Ts 51825 3-8 lulln:u 175+45 { 33 — | Kpyunwe :enml 30:1;-
. ’ 20460 mo: :mrpymc;;m::vu.ls
. paboramime ao 1752
T? 51545 3-8 zno:ﬂw 23n25 | 35 | Dos | Hevanm, Muv:-;;:;nn 1.::&.-
(1 - VAR TRRAUNG 10 a2
AJld T -— - - 1I553 | 5—t7 ! Revaan  cpeanef  narpy-
wennoerTn
TS 83513 28 z(!’ion‘aw 17945 (1018} Knyn.uue acraan  Gom-
- . WOR HATDYHeHnOCTH
AQll ksl - - - 17843 | 8=~10 . Heraan cllve:mr,l Harpy-
wennocTa
TS 82545 33 Boaa [175%5 | 8—to Kpynuse aetahn  6om-
20—100 WOR HATP YK UCTH
AJ18 T4 4305 18~20{ Boaa - - - Mensmee apesn onmacpiKs
20—~160 KN OpPR  HArpese pPeNo-
nas MEHIYETCA GpHMEeRRTS 5 ()
uacno VIR TOHKOCTEIIINT JeTa-
Nel. [lerasu, urantme
L9 € PEINUMK nCpEXNIAMN
8 CCHEHNWAX, PEeNOMEM-
AYCTCA  JaxaaMsare »
. Macae
Al TS 33529 28 q'l:o.x'ao 0 - - —_ Hdetaan, rpedyicuine
20— BWUL, TIACTHYIOC TH
™ 53515 2—8 | Kanmua®ld — - —~ | feranu. umeniune Mmunns.
sona BUHYTD. HADPAKEHN
TS 33515 26 To we 13025 | t—3 | Boa- | Jeraau, rpeﬂymmue’gn%-
. 1HAYX BN, Mpelenn TeKywe-
P 3 CT™ W noswus. TEep-
a0CTH
AJIL Té neHvsTLS -Boaa - - o Herann, T nue go-
26.:;5:'5 s—p -.-100 BH. ANACTHIHOCTH '
y 2408 89 P2 21
TS crmernnml “Tome {175%$ 3 Bov | Jleranw, rpeSymuine no-
: ) ayR R, TeNR  Tekywe-
: 83048 8—9 cm
: 5403 $—9 2?'
28 AJ120 5 80025 2-3 Boas 17525 H) Boa- | levanwm ¢ wmawnc. nposio-
(Bt4A) 51535 23 20.:".00 nayx noegtlo. patoraloiuue :u29
’ - Macan l N
k&1 g?g:g i:.; Tows [2502% | 33 J- Deranw, ”""’;;‘:,’ pzngr-
TIOWNe OpY -
. AJI2t T2 - - - 30028 | 3—-10 . Hetann, tpeGyouine n;30
3 1 B300 . CTORHCTASR PaINeDOs WAL
CHATHA o:nroquux e 32
npmwenn
TS gfymnn.ul Boaa 17528 H] » pull € MAKC. OPONHO-
. ar 3.5 28 20-;:00 mm,z Beoramle apr
‘ 52535 | 2-3 | macao 33
T? gmemful To we 30025 |.3—10 » Heranm, aawreanun pa-
,.n;g :.5 a3 gg?.nume npe 275~
_ 52513 23 U3y
AJI22 Té 42545 {3~24| . Bona - - -— Mensmee spesn suiepice
| 35 (BR11-3) 20—~100 Kd pexomenayeica npm-
nan MEHATH ANA TOMROCTEN-
Macao HMX :xenmlaﬁ
- Herann, orax C pe3=
KNMW DEpeXO01IMKH B COo
SENUAX, PEROMEHTYeTCR 37
IAKAANBATE B MACHE

1) Alloji 2) heat treatment regime; 3

ening; 5
ature (9C);

(°c); 9

low'.loads; 13) components requiring d
ual stresses; 14) water; 15
- high lodds, operating up to 175°; 1

of resid

periods

operational conditions of t
7) holding time (hours);
cooling medium; 10) AL; 11;

of time to .175-275°; 17) comp
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) quench hardening; 4) age hard-
he components; 6) heating temper-
8) cooling medium and tamperature

air; 12) components subjected to

imensional stability and removal
large components subjected to
components operating for long

onents subjected to medium loads;

18) largg components subjected to high loads; 19) water 20-100 or oil;
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20) it is recommended that the holding time durinp heatins, be reduced
for thin-walled components. It is recommended that component: cast
with sharp changes in cross sections be quenched in oil; 21) cempon-
ents requiring elevated plasticity; 22) boilding water; 23) same as
above; 24) components with minimum internal stresses; 25) component:;
requiring an elevated yield strength and elevated hardnes:c; 2f) heat-
ing in stages:; 27) components requiring an elevated yleld strength;
28) AL20 (VlhAs; 29) maximum strength components, operatins at up to
200°; 30) components operating fcr leng perlods of time ut 250-27.°;
31) AL 21 V300; 32) components requiring dimensional stability or re-
moval of residual stresses; 33) maximum strength component: operatin:
at 150-200°; 34) components operating for long periods of tire at 2/ -
350°; 35) AL22 (VI 11-3); 36) the use of a shorter holdinr time i-
recommended for thin-walled components; 27) it is recommended that com-
ponents cast with sharp cnanges in cross sections be quenched In oil.

by partial decomposition of the supersaturafed solid solutlion. When
establishing the main parameters of heat treatment (temperatire, hold-
ing time, cooling rate, etc.) it is necessary to take into account ti.e
structure of the cdmponents, i.e., the muitiplicity of phases, particle
size for secondary phases, the character of thelr distribution, u.-

well as the liquation nonhomogeneity.

The coarser the structure of castings (for example, components
cast in sand molds), the longer holding period in pres-quench heatin-
is required, in order to ensure maximum solubility of the alloyling
elements 1n the solid aluminum. Castings in metal molds (for example,
chill-mold castings) usually have a fine-gréinéd structure. This ern-
sures & mofe rapid dissplution of the strengthening'phases at the : o=
yguench heating temperature. Hence the time of pfe-quench heatiﬁg :
castings with a fined gfained structure 1s several;fold shorter.

The higher the quench cooling rete, the higher the mechanical Pro-
perties of the components. However, as the cooiing rate 1is 1ncreased‘
the danger of formation of residual streéses;:which can serve as the
cause of crack formation, particularly for intriéately shaped castings,
is increased. ’ | | |

Many components used in instruments réquiré_dimensional stability.
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This is achieved by cold working with subsequent heating to the opera-
ting temperature. Aluminum alioys have no tendency to embrittlement at
low temperatures, but a cerfain increase in the strength and reduction
in the plasticity of alloys is observed with a reduction in the temper-
ature.

Repeated heating (2C0-400°) and cooling (from —50° to ~1.%°) aids
in improving the dimensional stability of components.

References: Bochvar, A.A., Metallovedeniye [Metal Science], 5th

Edition, Moscow, 1956; by the same author, Osnovy termicheskoy obra-

botkl splavov [Fundamentals of Heat Treatment of Alloys], 5§b Edition,
Moscow-Leningrad, 1940; Petrov, D.A., Voprosy teorii splavov alyuminiya
[Problems of the Theory oflAlﬁminum Alioys], Moscow, 1951; Fridlyander,
I.N., Vysokoprochnyye deformiruyemyye alyuminiyevyye splavy [High-

Strength Shaping Aluminum Alloys], Moscow, 1960; Kolobnev, I.F., Ter-

micheskaya obrabotka alyuminiyevykh splavov [Heat Treatment of Alumin-.

um Alloys], Moscow, 1961.

Ye.D. Zakharov, I.F. Kolobnev.
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HEAT TREATMENT OF BERYLLIUMN. Internal stresses which are (.roduced
by préésureworking and machining are relieved by annealins in the
range of 450-760°. To prevent oxidization it is recommended that an-
nealling above 650° be berformed in vacuum or 1in an lnert ga:s atmo:s-
Phere.' '

: The recrystallization temperature depends on the process by which
the'products are made (cast or metal ceramics), degree of defurmation
ahd the holding time. The figure shows the temperature dependence of
the recrystallization time.

Annealing at 850° is sufficient for complete softening of vacuum-
‘cast deformed beryllium and for partial grain growth; an exclusively
coarse grain 1s formed at a temperature of 1000° and very short hold-
iﬁg times. No épparent structural changes are observed in powdered
beryllium at up to 800° and moderate holding times. Recovery takes
place at temperatures substantially lower than the recrystallization
temperatire. Data on the effect of annealing on properties of beryllium
are given in Beryllium.

" Data on the presence of the hardening effect are available. It is ,
very difficult to discover the admixtures which are responsible for
this‘phenomepon, since the majority of elements has a limited solubll-
ity in beryllium at low temperatures. It 1s assumed that Fe, Cr, Mn |
and Al participate in the aging process. The aging effect 1s also sub-
stantiated by the fact that no reduction in plasticity was observed
'during éests at 600°, while the plasticity of beryllium which was not

heat treated 1s reduced with time. It was proven that this process 1is

1897
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Temperature dependence of the recrystallization time. 1) Sec; 2) min;

3) complete recrystallization region; 4) intensive recrystallization;
weak deformation; 6) recrystallization boundary in highly deformed

specimens; 7 ) annealing temperature (°C); 8) annealing time (hours).

reversible.

References: Berillly [Beryllium]JAedited by D. White ana G. Berk,
translated from English, Moscow, 196C; Darvin, G. and Baddery, G.,
Berillly [Beryllium]; translatéd from English, Méscow, 1962; Reactor
Handbook, 2nd Edition, Vol. 1, Materials, New York-London, Chapter 4l,
1960; Coqference on the metallﬁrgy of beryllium, London, 1961.

I.A. Akopov, N.M. Bogorad, K.P. Yatsenko
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HEAT TREATMENT OF CAST IRON. By its §hysica1 principlec the heat
treatmant of cast iron is in many respects similar to the beat treat-
ment of steel, however, in heat treatment of cast iron it is possible
to use carburization of its metal base by dissolving'a part of the
free-graphite which 1s present in the structure of gray and maleable
cast irons (on heat treatmenf of white cast iron for obtaining mallea-

ble cast iron from it, see Malleable Cast Iron).

Heat treatment of cast l.on 1is dividedrinto volume and surface
treatments. Volume heat treatment of cast 1ron—i§ subdivided 1ntovan-
nealing (low-temperature, softening, graphitizing),_ndrmalization,
quench hardening with tempering, isothermal quench hardening. Surface
heat treatment of cast iron 1s subdivided 1ntoigas flame and inductiorn
quench hardening and into case-hardening (nitriding, alhminizing, sul-
. fonizing and diffusion chromizing). ' |

Low=-temperature annealing 1is desiéned for rel;evihg casting
stresses In castings. Castings from gfay aﬁd~¢hiiled cast iron are
subjected to low-temperature annesaling af 50076005, cast;ngs from
high-alloy cast irons of the Ni-Resist %ype (see High-Temperature Cor-
rosion Resistant Cast Iron) are annealed at 620-680°. The holding dur-
ation in low-temperature annealing compfises’dhe hour per 25 mm of
casting cross section, with subseqﬁenf;furnace cooling to hoo-33o° and
then in air. |

Softening annealing (ferritiziné) 1s;perf§rmedv1n order to decom-

pose the cementite of the pearlite andfto“obtain‘a ferritic strdct&re.
It is achleved by slow cooling the‘éastingé at 760-700° of prolonged
1899
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holding at temperatures lower than the lower critical?point (6804700°).,_
Softening annealing 1s used for improving thefmachinability of the

cast iron and for improving the plasticity and'impact duCtility of the

castings, and also to improve the ferromagnetic properties of gray

cast iron casfings (see Ferritic Cast Iron).’

7Graphitizing anneaiing hac as its purpose decomposition of the
lattice-free Carbides and partial decomposition of the‘cementite of
pearlite;'the latter is achieved by slow (furnace)-cooling of the

tings. The heatirg temperature -and the holding time which are need-
ed for decomposition of lattice free carbides dependu on the chemical
composition of the cast iron, the quantity of the carbide phase and
the casting cross section; it varies within the limits of 850- 1050°
Graphitizing annealing 1s used for improving the. machinabilitj, re-
ducling the hardness and increasing the plasticity of metal in castings.

Normalizing (pearlitizing) is performed in order to completely

transform the ferritic or ferrito-pearlitic structure of the base into
a pearlitic structure in gray iron castings; asfwell as for partial
decomposition, of cementite in chilled iron castings. Normallzing con-
sists,in heating‘the'castings aty850-9oo° withwsubsequent alr cooling{
When the structure is transformed into pure pearlite, the hardness,
strength'and wear reslstance of gray iron castings are”improvedj,par—
tialxdecomposition of cementite improves the machinability and the
mechanical properties of chilled iron castings. |

Normalizing Ni-Resist type austenitic cast irons (see Corrosion

Resistant Cast Iron), which is performed at 950 llOO°' improves the
mechanical properties of the castings and their machinability.
Quenchfhardening,with tempering is performed in order to obtain

structures of'martensite, troostite and other products of decomposi-

tion of supercooled austenite. This improves the strength,'hardness
- 11900 - '
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and wear resistance of castings. The hardening is performed at heating
temperatures above Acl (up to 950°). 011 1s overwhelmingly used as the
quenching medium. Tne tempering tempering temperature 1s 200-600°.

Isothermal quench hardening is performed in order to obtain acicu-

lar troostite (bainite), troostite and other products otlisothermal de-
composition of austenite. isothermal quench hardening impart: to the
castings increased hardness, strength and wear resistance, without pre-
ducing quenching cracks which usually arise in ordinary quenching.
Castings subjected to isothermal quench hardening :re heated to 830-
900° and are cooled in liquid media heated to 250-600°, with air cool-
ing following the holding in these media. Isothermal quench hardening
1s most frequently used for castings from pig iron, alloyed with nic-
kel and molybdenum, to obtain the acicular (bainite) structure.

Temper hardening is performed at 300-600° (for unquenched castings

from gray and white cast iron) in order to increase the strength, duc-
tility (of white cast iron), wear resistance and to improve the ma-
chinability (Table 1).

TABLE 1

Effect of Temper Hardening on the Mechanical Proper-
ties of Castings

! [ nwe TOS
P2 T %) =3 M Moxanus. caoficrss
1l . E‘ 20 orgyens | pocwe otnycms ¢
Hezoanar crpymrype
Ma | Nt | cr [ e | B ; o |8 | o | @2
l-g 7 (me mm’)
rOSMBTME TPOOSTNT 0,4 [ 1,0 - 0,8 - 300w - — -
:mm 8 :0'1'9 l"soo A HH 20 J 10 :: s
Beaud v -10 FY I A’..Oo— yl - - | 213 1] Toswe. smsccn
G Tomm 12.0...... - - - - 0'.7“- see &uu-. ssmosocrolwocrs ] 3

1) Starting structure; 2) element content (%); 3) tempering tempera-
ture; 4) mechanical properties; 5) before tempering; 6) after temper-
ing; 7) (kg/mm<); 8) bainite; 9) austenite; 10) white cast iron; 11)
increased ductility; 12) same as above; 135 increased wear resistance.
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TABLE 2
Effect of Alloying on the Depth of the Hardened Zone
" ‘Tesproers (RC)
H
1 Yyrys g:‘n I 8 PRCCTOAHNR OT OOSEDENUCTR (M)
et | o8 | 1.8 ] 2.4 | 3240 |8 |10
Meserwposamnuifl . . . ... ...... 4 7 -

S Hemmmnontrd ssmse| 35 | sk | S0 |32030 sl 16 es] 16 s
Humemewonwtrevosust . . ., . . .. .. S 5t 80 44 40 t9 19 19
XpowowoawSaewoss . . . . . . ... Y] 53 | 32 [iz—seof 18-32] 1x 18 18

9}, 0 T DA 82 82 | 32 | s s3 ) 82 | & 17 ‘

1) Cast iron; 2) hardness (RC); 3) at the surface; 4) at the distance

from the surface (mm); 5) unalloyed; 6) molybdenum; 7) nickel-molybden-
um; 8) chromium-molybdenum; 9) chromium-nickel-molybdenum.

Gas flame or induction surface auenéh hardening is obtained by

heating the surface of a broduct by a gas flame or high frequency cur-
rent to above the critical temperature (850-1000°) and rapid cooling
py the lower-lying layers, a water jet and other media. Stresses
which arise on quenching are relieved by tempering at 175-200°. Sur-
face quench hardening 1s used for castings with a ductile pearlitic
core for incrgasing the wear resistance. The depth of the quench hard-
ened zone is increased with an increase in the number of alloying ele-
ments (Table 2). |

Nitriding is performed in a.medium of dissociated ammonium for
50-70 hours at 560-580°. Short-duration nitriding (0.5-1.C hours at
500-700°) 1s used for increasing the corrosion resistance of the cast-
ings in a steam and water médium. Nitriding is used for castings which
are alloycd with additivés capable of nitrilde formation, i.e., Al, Cf
ond Ho. Before nitriding, the gray cast iron castings are subjected
to quench hardeningbwith tempering or to norﬁalizing, in order to ob-

tain a sorbitic structure, which is most favorable for nitriding.

Castings from white or chilled cast iron are, before nitriding, anneal-

‘ed to obtain partial decomposition of the carbide and formation of a

ferritic-graphitic structure. Then they are quench hardened at 800-850°
| 1902
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and subjected to short-duraticr. tempering at 600°. The thickness of ?
the nitrided case is = 0.25-0.4 mm, the hardness = 600-800 HB. i

Aluminizing, which increases the high-temperature heat resictance

of the castings, 1s performed in liquid, solid and gaseous media which
contain aluminum, as well as by the metallization prdeess, i.e., by
atomizing the aluminum with subsequent annealing for formation of a
diffusion layer. The following are used for aluminizing: an aluminum
melt (al ‘nizing) in a liquid medium, a mixture of aluminum powders
A1203 aiid NHuCl in a solid medium, and AlCl
gases, in a gaseous medium.

3 vapor mixed with other

Aluminizing in the liquid medium is performed at 700-720° for 1
hour, in a solid medium it is performed at 900-1050° for 6 hours and
in the gaseous mediux it 1s performed at 1050° for 2 hours. The depth
of the aluminized layer = 0.1-G.4 mm.

Sulfidizing — saturating the component surfaced by sulfur to im-

prove their finish machining. It 1s performed in sulfur salt baths.

Extensive use 1s made of a low temperature (125-250°) bath with the

composition: LO% Na,S and 60% of Na28203.
Diffusion chromizing — saturating the component surfaces by chrbm-

jum — is performed in chromium containing iiquid, solid and gaseous

media. Diffusion chromizing improves the wear resistance, high-temper-

ature corrosion resistance and corrosioﬁ resistance of the castings.
References: Hall, A.M., Nikel' v chugune 1 stali [Nickel in Cast

Iron and in Steel]. Translated from English, Moscow, 1959; Grechin,

V.P., Leglrovannoye chugunnoye 1lit'ye [Alloyed Cast Iron Castings],

Moscow, 1962; Ushakov, A.D., Termicheskaya obrabotka chuguna [ Heat

Treatment of Cast Iron], in the book: Spravochnik po mashionostroitel-

nym materialam [Handbook of Machine-Building Materials], Vol. 3, Mos-

cow, 1959; Everest, A.B. and Nickel, 0., "Foundry Trade J.," Vol. 108, -
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6, pages 857-82, 1960, Borchers, H. and Haberl, G., 'Giesserei" [The
Foundry], No. 30, pages 1679-93, 1960.

-
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No. 2264, pages 515-522, 1960; Barton, R., "B.C.J.R.A. J," Vol. 8, No.

.
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HEAT TREATMENT OF CHROMIUM — see Chromium.
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HEAT TREATMENT OF MAGNESIUM ALLOYS — heating, holding at specified

temperature and coolingmat the specified rate of casting and shaped

" gsemifinished products in order to change thelr mechanical properties

and structure, i.e., to increase the strength characteristics (db,
60.é), plasticity (9, ¥, aH), to relieve internal stresses and workhard-
ening. | '

The capacity of alloys to be strengthened is deiermined by changing
the solubility of alloying components in the solld magnesium as a fuﬂc-
tion of the temperature. A peculiar feature of magnesium alloys 1s the
low rate of diffusion processes attendant to phase transformations,
which requires prolonged holding when pre-qunech heating or aging.. For
the same reasons it is possible to quench magnesium alloys in alr,
they take on partial quenching attendant to cooling after hot pressure-
working and casting and can be artificially age hardened without first
being quenched. Retarded air cooling on quench hardening is accompanied
by partiai decomposition of the solid solution of certain magnesium
alloys (ML4, ML6, MAS), which results in reducing theirvplasticity.
Alloys alloyed with zince with addition of zirconium and zirconium to-
gether with lantanum (ML12, ML15, VM65-1), have their strength increas-
ed by artificial aging directly after casting or hot pressureworking.
The strengthening effects on heat treatment of shaping semifinished

products from magnesium alloys is lower than that for products'from

- aluminum alloys. The increase in °b usually comprises 10-20%. The high-

est strength increase is imparted to the MA1O alloy the 6, and 64 , of
which are increased by 0%, with a reduction in & by 40-50%. Heat
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TABLE 1 o
Heat Treatment Regimes for Shaping Magnesium Alloys
i 2 L. Crapenme * q:gz;:yr 5  Omwar .
- . _ »
Outana Maprs - [TV (Y78 6 e m,.lﬂl:lllﬂ
TeMD-NA - Ul TeNN-pa ACNW- TNDE | B[
LI I B A 5 I .
gvq4 - gl 1
- - - - - | 220=; , —
Mg-ur | NAb =]z - z |aTase| o3 | 10
Me— Al NA2 aq| N il Racimddd IR B8
~3n - Mn P> - - - -~ |250-280] 0.3
’. ¥ ::3 ! - . - - - ;;0—358 .5 nm;conmmo "
rorosnn
MAS 175200 | 188 | 410~423 ) @-2 - - -12
ll-tv“-! 3ulu-| 180180 | 24—~10 - - - - n:::::m [~ 3
14 M0 " A 115 |-20—ts | ens—sool s~ = - i
: Mg-—Th MAI3e*| 200 16—12 | 550380 | 24 - - -
Mg~ Al—Ag| MAIO | 170—180 | 24~12 | 190410 | —8 - - -
¥

*Air cooled. : _
*##RZM means rare earth metals.
- #%#Cold rolling with a compression of 5-10% is per
formed between quenching and aging.

1) Alloy system; 2) brand; 3) aging*; 4) homogenization and quenchihg*;
5) annealing; 65 temperature (°C); 7) holding (hours); 8) kind of semi-
finished product; 9) and; 10).sheets; 11) same as above; 12) pressure-

worked blanks; 13) VM; lﬁ) RZM.

TABLE 2
Heat Treatment Regimes for Cast Magnesium Alloys*

Fomorensaaunn ¢ ie-
Crapenme ny AwTOCO Tosorenmasann .
_ ! L2 | JcTomuME (T1)** ) o saxazwof (T4) "“".(-;.fﬂ'"“
Lufu- onxssa Mapng [
Teur-De | auaCpNNA| Temn-pa |suaepwxs| remu-pa | Bumlepwmns
: 6 (*C) (vac.) *C) ) {vac) . (*°C) (eac.)
8!3" - - - 380 —16 ’JIO 8—~16
M8 420 =24 :;3 2 l“u
Mg~ Al ~Zn —Mn *:;su ol 16~8
U1}
MJle -— - 410 21-32 ,uo 2432
) 190 4
. M2 300 [T ] - - 600-‘-.530 2:—‘1
+
Mg—In—12r. Masd Q 200 18 s30 8-12 - -
MJ110 .
—_gr— M1 - - 570 ) - -
e 1 -1 S I S BT B R =
e~ {| Baa - - - = | 70 2
1 A 200 i8

*Air cooling after all heating operations.
##T7]1, T4 and T6 are conventional designations of
: treatment reg‘ies.
1) Alloy system; 2) brand; 3) aging from the cast state (T1)**; 4)
' homogenization with quench hardening (T4); 5) homogenization with
uench herdening and aging (T6); 6) temperature (°C); 7) holding time
?hours); 8) ML; 9) or; 10% end; 11) RZM; 12) VML1.
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treatment of sheets from the MA13 alloy (quench hardening and a:tifi-'
cial aging after intermediate cold rolling with a compression of 8-10%)

perceptibly increases the creep resistance at temperatures in excess

The strength increase effect due to heat treatmenﬁ'of magnesium

alloys is higher fof cast than for shaping alloys. The ultimate s:rength

15 increased by 35-60% due tc quench hardening and aging. The heat

treatment regimes for shaping and cast magnesinm’alloys are presented
in Tsbles 1 and 2. | ' |

In those cases when magnesium alloy castings are to be used for

making high-precision instruments, which requires dimensional stablil-

ity, use 1is made of special regimes of stabilizing‘heat treatment- The

most extensively used ML5 cast alloys, after being}quench hardened ac-

cording to the regime gilven in Table 2, is subjected to stabilizing
tempering at 300-320° for 10-25 hours, with air cooling and then to

cyclical stabilizing heat treatment (cooling to -70- —80° for one hour,

heating to 230-250° during 4.6 hours and final air coolﬂng Depending
on the dimensions and configuration of the component from 2 to 8
cycles are used. After the cyclical stabilizing heat tréatment the
casting is aged at 130-150° for 10-20 hours

When heat treeting magnesium alloys they are heated in shaft-type

‘or box furnaces of the hotblast type with induced alr circulation, in

a profective or neutral medium. Furnaces with a temperatpre adjustment
accuracy of 15°. Sulfur dioxide, in amcunts of 0.7-1.0% Ef the total
air volume in the furnace space, can be used as the protective atmos-

phere.

References: see at the end of the article Magneéium_Alloys.

A.A. Kazakov, A.A. Lebedev
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[Transliterated Symbols]

P3M = RZM = redkozemel'nyye metally = rare-earth metals i
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HEAT TREATMENT OF METALS — ensemble of heating, holding and ccol-
ing operations, as a resultvof which the internal structure and, cor-
respondingly, the properties of metals and metallic alloys are changed.
Heat treatment of metals ahd alloys 1is usually* performed in those cases
when polymorphic'transformainns, limited and variable (increasing with
the temperature) solubility of one components in the other in the solid
state, chénge in the structure of the metal due to cold deformaticn,
take place. |

Processes of heat treatmenf of the majority of metals and alloys
(including steel and pig iron) ere based on the phenomenon of polymorph-
.ism. The first result of polymorphism is recrystailization, which re-
presents a change in the crystal structure of the metal or metaiiigw;i:m
loy, which takes place on heating or cooling to & specified temperature,
l.e., to a crtical point. Recrystallization is related to the appear-
ance of new crystal grains and determines the meaning of such processes
of heat treatment of metals as, for example, annealing and normaliza-

~ tion. | |

Annenling. Annealing creates conditions for the most complete pro-

gfess‘of diffusion proéesseé andrféf‘obtéihing a relatively equilibrium

structure (see Normalization of Steel).

These metals heat treatment processes are most frequently used in
treating semifinished products, i.e., commerciai grade-rolled stock,
stampings, forgings or castings.

Quench hardening. Heating above the critical point, holding and

subsequent rapid cooling, as a result of which a stressed a:»d nonequil-
. 7 . /’ )
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ibrium structure is produced (see Quench Hardening,ofVSterl).
Temgering..As the tempering temperature is 1ncreased,_the rgte
of diffusion processes is increased, whick results in gradual changing
of the nonequilibrium (metastable) quench hardené& structure into an
équilbr;um structure (see Tempering of Steel).
The aforementioned main processes of haat tredtment'or metals
which have polymorphous transformations, can be depicted graphically

by diagrams in the "temperature-time" coordinates (Fig. 1).

Fig. 1. Schematlc graphs of the Fig. 2. Construction diagram
main heat treatment operations. of a system of components A-B,
1) Annealing; 2) normalization; which form aging alloys. 1)

3) quench hardening; 4) temper- Temperature, °C.

ing to various temperatures. A)

Temperature, (°C); B) lower crit-

ical point; C) upper critical

point; 4) time.

Metallic alloys which do not undergo polymorphic transformations
can be subjected to effective heat treatment provided that they are
capable of aging. In the general case, aging 1is observed in those metal-
" 1lic alloys which, as a result of previous treatment, have acquired an
unstable, the so-called metastable structure, which is related primar-
11y'to distortion of the crystal latt;ce. The metaétablelétructufeyis
responsible for free energy level of the alloy ﬁhich is highef than
for the stéble structure for which‘reason, according t6 laws of thermo-
dynamics, transition of the alloy from the metastable to the stable.
state is highly probable. This transltion 1is related ;o-éfomic.displace-
ments and takes place with difficulty at room temperature, for'which

1911 S
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reason natural aging proceeds over a long period of time, and some-

‘-ftimes‘does nct come about at all. When the temperature 1s increased,

Atomic displacements are facilitated, for which reason-eftificial aging -

" 48 completed more rapidly and depends on the heating temperature.

Technology makes use of aging which 1s related either to reducing

"the internal stresses (which can bring about warping or cracks), or to

.deceﬁpoeition”of supereaturated solid solutions (Fig. 2). After heat-

ing to the quench-hardening temperature and rapid cooling'to the room

temperature (quenching operation) the solid soluticn (y will have a

metastable etructure, the quantity of component B dissolved in 1its crys-

tal.lattice will not be that (m) which corresponds to the limiting sol-
Qbility at room temperature, but a larger quantity (n), which has dis-

solved when heating to the temperature tl- Usually pre-quench heating

' 1s performed up to the temperature tl, dissolving in the solid solu-

tion the entire amount of component B present in the solution. The fol-

‘lowing mechanism can be suggested for thils process: first diffusion of

atoms of component B takes place in the lattice of the supersatufafed
selid solution and thep they accumulate in specific sections of the
crystai lattice. The second stage of the process 1s the formation of
a new crystal lattice 1n the B component enriched sect;ons; however,

this new lattice remains crystallographically close to the original

. mother lattice of the solid solution (the so-called coherent relation-

ship of lattices 1s observed). The third stage is the breaking away

of lattices from one another and formation of independent, quite dis-

Vperse particlesbef component B. The fourth stage ic the enlarging (co-

agulation) of component B particles. In natural aging the decomposition
of supersaturated solid solutions usually ends at the first, and less

frequently at the second stage; the higher the heating_temperature in

.artifieial aging, the shorter should be the holding time for obtaining.

1912
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the fourth, final stage. A superposition of individual stages 1s some-

times observed. An indirect indicator which determines the progress of
the agins process upon decomposition of supersaturated solid solutions
is the hardness; the coherent relationship of two different lattlices,
s well as the precipitation of very disperse particles of the second
component, results in a sharp increase in tre resistance to plastic
deformeticn, in an increase in hardness. However, if the first three
stages results in increasing the hardness of the alloy, the fourth_
stage — coagulation of disperse particles, 1s related to a drop in
hardness. éonsequently, the‘change in the hardness of the supers#tur-
ated solld solution in the process of its aging will be characterized
by a curve with a max’mum; here the extremum shape of the curve wilil
prevall in the process of aging at constant temperature and increasing

holding time, (Fig. 3a), as well as at a constant holding time and in-
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Fig. 3. Change in the hard?ess of Fig. 4. Change 1in 6, and 6, 5
a quench hardened alloy. a) In - .
the aging process at constant tem- :; z:ég azsig guggt:g;kg;r2§2'
perature; b) at various tempera- heating’temperature 1) ke/cm?;
tures, but with the same holding 2) annealing tem .tu ?
- time. 1) Hardness, 2) time; 3) g temperature.
tenperature.

creasing temperature (Fig. 3b).

Heat treatment of workhardened (cold worked) metal i1s considered
separately. The crystal latticle energy level as well as the strength
increase after workhardening, but the plasticity<is redgced. However,

1913
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such a state after cold working 1s dynamically unstable. This results

in the fact that phenomena related to the removal of those distortions

.of intracrystalline structure which have produced the energy increase

will spontaneously take place in the metal in the aging process. In
the beginning, for an insignificant témperature increasé (py’éoo-aoo°
for low-caibon steel) an insignificant increase in plastieity,[which

- is sometimes accompanied by a reduction in the strength of”tﬁe,cold

worked métal, takes place. These processes charaéterize'the state of
recovery (or recovery) of the workhardened metal. When the‘ﬁe:peraturc
is 1ncrea$ed further, a high-rate process of reconstructioh of grainé
elongated in the direction of deformation into equiaxial; coarser

grains, starts. This phenomenon, which is called recrysf&llizaticn, is

.accompanied by a substantial strength reduction and increase in the -

metal's plasticity (Fig. 4).

The development of the technology of heat treatment of metals in-

volves the adaption by the industry of various methods for increasing

the surface hardness and strength of components, simuitﬁneously re-
taining high ductility and plasticity of thre core. Sucﬁ:a combination
of properties ensures high operational stability of mgny.components
subjected to rubbing under dynamic loads (engine shafts,“gears, cams,
etc.). ; :' |

Heat treatment of hetals‘which.provides for surface hardening o
can be d;vided into two varleties: casehardening, whicﬁ‘invdlves heat-
ing the metallic cqmponents in an aétive medium, whoséﬁcharacter en-
sures the required change in the composition of the metal's surface
layers; surface quence hardening, when the core of'thé‘¢ompbﬁent re-
mains cold, while the surface layer is heated to the:hatdening temper--
ature either by direct passing of electric current or by 1nddc1hg hiéh

frequency currents in the component; or By heating in e gas fidme of

1914
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in an electrolite attendant to the passing of direct current.

A variety of metallheat freatments are performed at machine-bulid-
ing plants: annealing or hormalizing of castings, forgings and stamp-
ings; b) heat treatment, which consists in quench hardening and high
tempering (500-650°), which ensures obtaining a sorbite structure. A
special case 1s the heat treatment of standard and coil sbrings, which
provides for quench hardening and medium tempering (300-450°) to obtaln
a troostite structure, which determines the high elastic properties of
the products; ¢) quench hardening and low teupering (100-250°) to a
high hardness (obtaining a'marfensite etructure), which are performed
in heat treating tool steel. These operations are usually performed be-
fore finish grinding. Cooling to about —80° after annealing 1s some-
times used when lLeat treating tools or carburized products; d) case-
hardening: carburization (one or two quenchings and low tempering),
cyaniding (quenching and low tempering), and nitriding (quenching and
high tempering). These operations are performed either successively,
 one after the other (vefore finlsh grinding), or the surface satura-
tion processes and the heat treatLent operations are separated; e) an-
nealing of white cast iron for obtaining malleable iron; f) treatrzent
for dispersion hardening of aluminum and heat resistant alloys, and al-
so of some other alloys (high-teméerature quench hardening and aging.

Components with special physical properties are subjected to com-
plex metal heat treatment prbcesses, for example, in combination with
workhardening or the action of the magnetic field. Straightening,
which destroys warping, is perforéed after heat treafment.

If the heat treatment of met%l,involves»high-temperature heating,

v N
as a result of which the compdnenﬁfs surface can oxidize appreciably,
then the furnace atmosphere is maée neutral or protective.

Machine-building plahté'make%checks of hardness and mechanical

| 1915
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properties (uéu@lly in fehsion). In a number of cases the tests are
perrormgd'no: only;aﬁ room but glso at elevated and reduced tempera-
tures. Finish heat tré#ted componenté,have their surface thoroughly
¢leaned by'ﬁgshiné,“etching or sandblast with subsequeht checking of
the surfaée for the presence of flaws.

Referenées: Metgllovedeniye 1 termicheskaya obrabotka stal [Metal'
Science and Heat Treatment of Steel], Handbook, edited by M.L Bern-
shteyn and A;Gv Rakhshtadt, 2nd Edition, Vol. 1, Moécow, 1961; Gulya-
yev, A.B., Termiche#k&ya obrabotka stall [Heat Treatment of Steel],
end Editioh;'Mcscow, 1960; Livshits, B.G., Metallografiya [Metallo-
graphy], Moscow; 1963; Blanter, M.E., Metallovedeniye 1 termicheskaya
obraﬁotka [Me;él Science and Heat Treatment], Moscow, 1963.

M.L. Bernshteyn

seript S
Pagep N [Footnotes]
No. -
1910 An éxcepfibn is a special case of heat trzatment which pro-

vides for special growing of large grains under high-temper-
ature heating (for example, heat treatment of transformer
and dynamo steel). '
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HEAT TREATMENT OF MOLYEDENUM — see Molybdenum.
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HEAT TREATMENT OF TITANIUM ALLOYS - hardening'of titanium alloys -

which contain elements of the P- stabilizer group (see Beta Stabilizers

of Titanium). Quenching retains in them unstable martensitic phases

— e

and the B-phase (solid solutions), which decompose upon'subsequent
aging, forming particles of more disperse phases. This results iﬁ a
substantial (in certain cases two-fold) increase in the strength with
attendant retention of the required plasticity minimum.

TABLE 1

Regimes of Hardening Heat
Treatment of Titanium Al-
loys (water cooling 1is
used in quench hardening
and air cooling 1s used in

aging) ] ~
! Telt}pc ‘i Crapeune
coxmau ] | 05100 Towops | azwress-
2 P i
~
pdes
6BT3-1 ....| 880 850 3-10
BTS ..... 950 | 4s0=300 | "2
+BTEC . . . .. 430920 | 450—300 | 2 -
Tars ... 950 | S00—608 | 1-8
LBT9 ...l 900 | s00—600 | 16
LBTI4 [ L. .. 870 800 818
JBTIAS Tl l1 880 510 8—12
WBTises 11| 800 | nA80— 1523
' 380 {2) 15 wang).
BTI6 .. ... 1% .00 18

*For components from semi-
finished products with cross .
section in excess of 100 mm. :
**Two-stage aging without in- .
termedliate cooling. )

1) Alloys; 2) temperature from which uenched (+10°)

(°c); 3) aging L) temperature (+1o°)? C), 5) dura- "
tion (hours; 6) VT, 7) VT6S; min.

Following are.the holding time at the quench,har&eding tempera-_

ture:
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1) Sheet thickness (mm); 2)
up to; 3) more than; 4) hold-
ing time (min).

Both the mother solutlion and the hardening phases are varieties of ti-
tanium-base solid solutions, which 1s true of all the currently heat
treated alloys used in the industry. Titanium salloys with intermetal-
loid type hardening also exist.

The VI3-1, VT6, VT6S, VT8, VT9, VT14, VT15 and VT16 titanium al-
loys may be heat treatment hardened (quench hardening and aging). The
hardenabllity of titanium allcys varles: the VI3-1, VT6, VI6S, VT8 and
vT9 alléys are hardened through when the sheet thickness is up to 45
mm, the VT14 and VT16 alloys are hardened to a sheet thickness of 60
mm, and the VT15 alloys 1s hardened to any thickness.

In addition to hardenling heat treatment, titanium alloys are an-
nealed to equaliize the structure and mechanicallproperties [heating to
a temperature above the recrystallization point, but lower than the
temperature of the (a + P)-p phase transfcrmation and air cooling].

The annealing regimes for industrial alloys are presented in Table 2.

1919 | | O
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TABLE 2
Annealing Regimes for In-
dustrial Titanium Alloys

T;.“-ﬂ:l QT
by 418 ware (£10%)

C) 1 o &

Y . 5

mo| 8 1adol 4| c|sdD
H] 39 - ¥
Cuase g Y fCraan| 3 |5~y
HH L
o g’g:- :n NES.
E: HE g8 |E3gt
s 882z 8318523
T1-00,| 830 | ¢80 sBTs | ~ | sen
Ti.0, : BTS-t| 750 | 80
BTI-1, BTA | — | Ao
BT1-2 ToCH| 800 | -
OT¢ 610 | 1% 3pTas | — | oz
: "
ori-t | es0 | 730 LmTen| - 50,
oTs-2 | 700 | 850 {BTIs] 7180 | T30
BT-in| — | 810, I'BTis | 800 | 800
BTa-tn| — | soc {gTien] 780} 780

are | 100 | Fo¢ [AT'EV

1) Isothermal annealing: heating to 870 * 15°, holding, cooling with

the furnace (or transfer to a furnace) with a temperature of 650 %

% 15°, holding for 2 hours, air cooling; 2) for short duration opera-

tlons at elevated temperatures; 3) to increase the plasticity it is

permitted to perform annealing at 850°, holding; furnace cooling to
- 750°, holding for 30 minutes, air cooling; 4) double annealing; hold-

ing at 590° for 1 hour and nolding at 530° for 6 hours; 5) to increase
-1 the plasticity it 1s permitted to perform isothermal annealing at
845°, holding, furnace cooling (or transfer to another furnace) to
650°, holding for 30 min; air cooling; 6) furnace cooling at a rate of
2-3° per minute to 400°, then air cooling. A) Alloy; B) annealing tem-
perature ($10°)(°C); C) sheets and components made from them; D) bar
stock, forgings, stampings, pipes, shapes and components made from them;
E) VT; 6) VT6s.

The hclding times at the annealing temperature are as follows:

>

A

ToARKNa RNCTS o 1.6—]2.1—=1 Boace
1 () 1.5 | 3.0 e.0 [

%;lepm omna] 15 | 20 | 2 |
1) Sheet thickness (mmg; 2)

up to; 3) more than; 4) hold-
ing time (min). : ,

.ﬁAnnealing can be performed in stages, with intermediate air cooling,

or it can be isothermal, when the product is transferred to anothef

. furnace without intermediate cooling. The temperature of the upper
W-Stage 1s by 30-8C° and of the lower stage by 300-400° lower than the
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phase transition temperature; cooling is to room temperature in air.

TABLE 3

Temperatures of the [(a +
4+ pB)-p] Phase Transforma-
tion of Titanium Alloys

l(‘.mln ?T'('."'M afml 27'('.:,‘”
Texuuw. Twran | MR0—~900 "HTS .| 980280

HT5-1.
BTt ... .| 930-0A0 (P18 | 9s0—~¢a0n
Old-t .., .| B80=9%0 |ITS, BYY | 970~1000

oTy . ... 926 tN00ATIL . 820940
nrsy ... .. 960—||UO‘BTI5 .. ] 750=800

12 Alloy; 2) temperature
C); 3) industrial titan-
1um, b) VT.

Due to the sensitivity of titanium alloys to contamination by at-
mospheric gases at high temperatureé, heat treatment and heating for
pressureworking must be performed upon conformance with the following
recommendations. The components and semifinished products should be

TABLE 4

Incomplete Annealing Tem-
peratures for Titanlum Al-

loys
85 | H)
-
Cnaas -8 1l Cnnas a~—2
1 [gagk -
[ 35NN (5]
#i;b 413
BT!-00, BT1-0, ar4 BTS, %IGC
BTI-1, BT1-2 l«s BTS ... .. 400
SRR L
OTé ....... 563 {BTis 3 700

1) Alloy; 2) annealing tem-
perature (%20°)(° C), 3) VT.

heated only in electric furnaces with automatic adjustment and record-
ing of the temperature. Heating in saltpeter baths and diesel oil
fired furnaces 1s not permissible. To prevent scale formation, it is
recommended that finished components and sheet$ be heated in furnaces
with a protective atmosphere of neutral gases. Sometimes annealing 1s
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used for relieving internal stresses which formed as a résult of ma-
chining, sheet presswdrking, weiding, etc. The incomplete annealing
temperatures are given in Table 4 (the holding time compr:ses‘30-6ov
‘ minutes).

References: see at the end of articlebTitanium Alloys.

S.G. Glazunov

/ ' 1922
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'HELIODOR = see Beryl.
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HEMATITE — an extensively prevailing iron mineral, one of the ma-
jor iron ores, contains up to 70%,°f iron, up t0713% $10,, sometimes
T10,, Mg0, FeO, MnO and H,0. Widely known in the USSR are hematite ore

deposits of the Krivoy Rog (Ukrainian SSR), Kursk magnetic anomaly, andv37

also deposits on the Urals and in Siberia. Hematite 1s brittle, not
cleavagable, has subconchoidal fracture. The color of hematite 1s.iron-»
black to dark-steel and cherry red, freqﬁently with mottled iridescence;
the thinnest (0.1 microns) hematite flakes are yellow colored in pass-
ing light; as the thickness 1s increased the color changes from reddish
brown to deep cinnamon red and then to blood red. Several varieties of
hematite are encountered in nature: iron glance, micaceous hematite,
red iron ore. When heated from 650 to 1000° all the varieties of hema-
tite beéome brown or dark-violet, and above 1000° they become black and
grayish-black. Mohs hardness 5-6.5, specific gravity_varieé from 4,914
to 5.247, dépending on the temperature, specific magnetic permeability

—U 1 1

'70-10-6 cm3/g, electrical conductivity 310 © ohm —-cm —, relative con-

du:tivity 2.23, dielectric permeability 81.0, dielectric constant 25.0,

6-108"ohm-6h; éiectridal resistivityAw

specific electric resistivity 10
1430-6500 ohms. Thermal expansion of hematite: 7.61 parallel to the c-
axis, 7.7 perpendicular to the c-axis, specific héat: at —180°50.171,
at 0°-0.61, at 200°-0.79, at 800°-1.08 joule/gram, thermal conductivity

coefficient at 30° parallel to the c-axis-121, parallel to the c-axis-

147 watt/cm-degree-lo_3, specific thermal conductivity cf compréssed'

hematite powder at 200°-0.00411, at 400°-0.00189, at 80C°-0.00294 cal/

2

/sececm®* degree. Formation heat of hematitebl92.-l94.4 kcal, decomposi-
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tion temperature 1350-1360°. Hematite 1s a detector and it 15 polymor-
phous: a-Fe203 is paramagnetic, 7-?e203 is ferromagnetic. Hematite 1s
capable of emitting infrared rays (in the 800-1200° interval), does not
fluoresce or luminesce, It resists ammonia, brome, fluoride (in the
cold), water solutions.of iodine, water, oil, alcohol, alkalls, sun-
light and atmospheric factors. It decomposes in HCl, HF, HBr, Hesou,
HNO3 (very weakly), in warm solutlons of'bromé, ammonium acetate, when
heated with F, Cl, S (red heat), HQS.(white heat). Hematite has cata-
lytic propertles. It has been obtained artificially. Fig iron is smelt-
ed from hematite iron ores. Hematite 1s used: in the lacquers and

paint 1lndustry as mineral pigments (Pruésian‘red, red ocher), for the
making of wallpaper and oill paints, and gé a mineral filler to impart
strength to the paint film; in the production of oil cloth, leatherette,
linoleum, red pencils, art type characters, fast colored enamels; as a
natural abrasive fcr pollshing of sheet glass and mirrors, as a finish-
ing stone, as a crystalvdetector iﬁ radib,engineering.

References: Betekhtin,.A.G. Mihéralogiya [Mineralogy].‘Moscow,
1950; Trebovaniya prohyshlennoéti k kﬁchestvu mineral'nogo syr'ya [In-
dustrial Requirements Put fovthe Quality of Mineral Raw Materials]. 2nd
edition, Issue 48; Vaynshteyn,'E.S., Prirodnoye krasochnoye syr'ye [Na-
tural Raw Materials for Painps];.Moscow, 1961.

V.I. Magidovich
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- o ':- HERBERT'S PENDULUM - an inStrumentefor,determinetion of metal hard-
" ness by the oscillation method. It consists of'e'messive (4 kg) arch-

Fig. Herbert's pendulum.
Tip; 2) test specimen,.
3 scale, :

% - sahped pendulum (Fig.), which 1is supported on a steel or diamond ball 1
| mm in diameter, which is place&we;veu;t;ictly horizontal surface of the
specimen to be tested. The Herbert hardness number is measured by the

time (in secs.) of ten complete oscilletiohs of the pendulum (H,) or by
- the amplitude of the first deflection ef~the pendulum (Hsk); which was
‘raised through a specified angle whichlis'fecorded on the instrument's
:-'seale: The Herbert hardness is approximately related to the Brinell
'hardneSS,number by the empirical formulas" . "
q,
. HB

0.08 HB + 7.6 (for-a steel ball)
13.5 H, (for a diamond ball).

References: Avdeyev, B.A., Ispytatel'nyye mashiny i pribory [Test-
1.'1ng Machines and Instruments] Moscow, 1957.4,
I.V. Kudryatsev, D.M. Shur

. 1926
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HERMETIC ALUMINUM CASTING ALLOYS — see High- and medium-strength

aluminum casting alloys.

1927
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HERMETIZERS - polymeric compounds (cements, pastes, viscous v
flulds), which are applied to riveted, bolted, and other joints of me-
tal structures, instruments and units to ensuare their imperme "*1lity.
Hermetizers work primarily under the action of tensile forcés attend-
ant to periodic loads of relatively short duration. The following re-
quirements are put to hermetizers: elasticity, high adhesioh to metals
and other materials, heat and frést resistance, resistance té the effect

of working media. Hermetizers should not bring about corrension of me-

tals, be easily applicable to the surfaces which are hermetized, not

réquire prolonged drying or the use of high temperatures and pressures
for solidiflcation, etc. By their external appearance, physical and
mechanical properties hermetizers are’subdivided into cements (nondry-
ing and drying), self-vulcanizing pastes and film hermetizers. Usually
a combination of various types of hermetizers 1s used.

- Cements — highly visccus plastic materials, consisting of polymers
with linear structures (Thiocol, polyiscbutylene, etc.) and mineral
fillers. AS an example we can cite the U20A cements (TU MKhP 3572-54)
and the Thiocol packing cement (TU MKhP‘l391-51), which has the follow-
ing properties: softness 10-25 secs., strength of bound with metals
(shear strength) 0.15 kg/cm2, swelling after 24 hours in water 2.0%, in
a mixture of gasoline with benzol 3.0%, interval of working temperatures
t50°. In hermetizing riveted or bolted Joints cements are used together
with a packing strip, which is a strip of cloth covered from both sides
by a thin cement layer. The strip is placed between the components
which are Joined, thén they are assembled, the Joint thus formed 1is

1928 |
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additionally hermetized by the cement, which is applied in the form of
packing cord and is packed by a roll. The advantage of this group of
cements is the simplicity of hermetization and the absence of delay:s in
the production process. Shortcomings of cements are: unstable hermetiza- "
tion of Joints in the process of operation apd limited thermal stabili-
ty, which 1s to a large extent eliminated by the use of drying or vul-
canizable cements. Heat-resistant-polymer based cements which, after
vulcanization, can withstand the prolonged effect of temperatures of
250-300° are known. The production process which uses cements 1s sub-
stantially complicated by the need of heating for their vulcanization.
Self-vulcanizing pastes — liquid or viscous fluid compositions

consisting of liquid polymers and mineral fillers, which are capable,
under the effect of wvulcanizing agents, to be transformed into elastic
rubber-like materials at room temperature. Ensure stable hermeticity of
dgtructures in a wide temperature range and do not require heating. De-
ized by a spatula, sprayer or brush. Unliks cements, pastes are capable
of providing reliable hermetization even without a hermetizing strip
between components (so-called "surface hermetization"), which apprecias-
bly simplifies the assembly proceSs. Sélf-vulcanizing, 11qﬁid thiocol-
based hermetizers, which vulcanize without shrinkage, have a high ad-
hesion to metals, elasticity, resistance to the effect of gasoline,
kerosene, oills, resistance to light and ozone, water resistance, which
do not bring about corrosion of metals, have come into extensive use.
These are the properties of the following hermetizers: U-30M (VTU UT
949-52), UT-32 (VMU UT 1066-60); UZO MES-5 (VIU STU 55-302-61), etc.
Following are the properties of the U-30 and MES-5 hermetizers: con-
sistency-paste, dry residue 100%, service 1life 3-10 years, vulcaniza-
tion duration at 20° 24-48 hours, color black, specific gravity 1.4,
1929
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ultimate tensile strength 20 kg/cm , relative elongation 25013 adhesion

(separation force) 2-4 kg/cm, working temperatures range from —60°~to f‘

+150°, | | A o
Of considerable interest are liquid polysiloxane-based‘self-fulcan;'

izing hermetizers, which by their mechanical and production process

properties and the methods of utilization are close to 1iquid Thiocol

based hermetizers, but differ from them by their high thermal resist-

ance, They can operate for long periods of time in an air medium at:

~250°,'do not have the necessary resistance to gasoline andikerosene;.

| Self-vulcaniaing paste-like hermetizers are used extensiveiy in the
" aircraft, rocket, shipbuilding, automotive and other branches of
technology. Self-vulcanizing hermetizers (particularly polysiloxane),
| gdue to their elasticity, softness, water resistance end high dielectric
‘ R properties, which are combined with the ability to vulcanize in the
t :
i

cold, are exten ively used in radio engineering to protect various

: eJectxonic circuits from moisture and external effects.
' Fiim hermetizers are used either in the form of polymeric films
"which,are placed between components to be joined and which ensure thelr
) ‘pherumticity by their adhesive property and plasticity, or inrthe form
of-solutions of polymers in organic solvents, which are applied by a
;brush to sections to be hermetized. In the first case hermeticity is
| achieved by precise finishing of camponents and small gaps, in the
second-case after the evaporation of solvents a film is formed which
.:has a good adhesion to the metal, strength and elasticity. Henmetirers
of this type are such as: VGK-18 (VTU-30-54), TET (VITU MKhP 328&-52),
" RA-6 (TU MKhP 4082-56), which have the following properties: viscosity
' according to Vz-1 40-80 secs, dry residue 14-18%, ultimate tensile .
strength 100-200 kg/cm » relative elongation 150-250%, adhesion (break- '
: away strength) 15-20 kg/cm , swelling (after 24 hours) in a mixture of

1930
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gasoline with benzol 0.5-1.0%, in kerosene 0.1%, in water 12-14%, work- .
ing temperatures interval #60°. Usually hermetizers are applied to ’
structural elements by a brﬁsh in sever#l layers, in certain caces it

is convenient to apply hermetizers by pquring (for example, when hermet-
izing vessels with a large number of riveted joints), wnich creates a
uniforin continuous "facing" of the entire internal surface of the
structure and ensurzs its impermeabllity. Film hermetizers are usually

used in combination with other kinds of hermetizers{

N.B. Baranovskaya

1931 .
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HETERO-CHAIN SYNTHETIC FIBER ~ fiber from synthetic polymers, the
macromolecular chain of which, in addition to carbon atoms, also con-
tains atoms of oxygen, nitrogen, sulfur, silicon and other elements.
The most widely used fibers of this class are polyamide and polyester
fibers, pdlyurethane and polyaminotriazole fibers being less widely
used.vThe starting polymers fér hetero-chain synthetic fibers are ob-
tained by condensétion polymerization of bifunctional chemical com-
pounds (aminocarboxylic and hydroxycarboxylic acids and dicarbbxylic
acids with diamines and diatomic alcohols, etc.) or by converting rings
(lactams) into linear polymers. Hetero-chain synthetic fibers have a

high strength and, as a rule, a circular cross section. They are pro-
duced in the form of standard and high-strength filament thread, staple
fiber, monofiber and bristle. Unlike carbon-chain synthetic filbers,
hetero-chain synthetic fibers melt at elevated temperatures without
decomposition, are more heat resistant, absorb more moisture,'are
easier to dye, have a higher resistance to the actlion of organic sol-
vents (with the exception of certaln phenol-type compounds), but are

less resistant to concentrated soiutions of aclids and alkalils.

e oA i o . SPrrRAmn

For properties and utilization of individual hetero-chain synthetic
fibers see Polyamide Fiber, Polyester Fiber, Polyutherane Fiber and

Polyaminotriazolic Fiber.

References: Rogovin, Z.A. Osnovy khimii 1 tekhnologli proizvodstva
khimicheskikh volokon [Fundamentals of the Chemistry and Technology of
Chemical Fibers Produétion]. 2nd edition, Moscow, 1957; Korshak, V.V.

and Vinogradova S.V. Getefotsepnyye poliefiry tHetero—Chain Polyesters],
Moscow, 1958. " E.M. Ayzenshteyn
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HIGH-ALLOY HEATnTREATABLE STRUCTURAL STEEL - steel which can be
hardened by heat treatnent and contains more than 3% alloying elements.
It 1s used in the manufacture of extremely critical machine components
subject to considerable;static and dynamic loads. In addivion to high
mechanical characterist1CS,‘thls type of steel has guod hardenabllity,
whlch makes it possible to stiengthen components with large cross-sec-
tional areas by heat tréétment. As a rule, these steels annea1 compar-
atively poorly and are more difflcult to cut than other structqral
steels., Table 1 shows the chgmical composition of high—allby héat-
treatable structural Stéels, while Table 2 shows their mechanical cﬁar—
acteristics. | .

TABLE 1

Chemlcal Composition of HiEh—AlLoy Heat-Treatable
Structural Steels (GOST 4553-61)

o O Cozepmanwe saewentos ® (%) .

cnm - 1 pyrme
& c | Mn [ N E Jnyewe
20XHIA ... 4. 0.17-0.24 | 0.3—0.8 | o0.6—0.9 | 2.5-3.2 -
530XHIA ... I 0.27—=6.34 0.1—0.8 0.6—0.9 2.4.1.2 -
JTXHIA ¢ ¥ .. 0,33-0.4¢ 0,25-0,5% 1.2-1.8 3.0=3.% -
THXHIMA®e 010100 0.29 0137 | 0.5-0.8 0.8—1.1 2.5-3.0 [ 0.2-0.3 Mo
20XHGA 8.0, 0 000 0.17—0.24 | 0.35-0.85 ] o0.7—1.1 | 3775 -¢72s fo.i5~0.30V
Q20X2HAA . 11100l 0.18—0.22 | 0.3-0.8 | 1.238-17es | 3.3—.7 -
1AXHBA (1RX2H{RA) ln 0,14--0.21 0,25-0.5% 1.35~t.68% 4.0-4.5 0.8—-t.2W
11 ISXHBA (2SXIHABA) L 1| 0.21-0.28 | 0 33-0.33 1.95—1.65 | 4.0-¢.5 | 0.8—1.2W
XM A Ll Ae .. o] 0.26—0.33 | 0.3-0.8 0.6—0.% | 2,0-2.5 [0.13—0.30V,
J0XHINOA | 030 3Mn.
13 : 0.5-nl8 W
ASXHMOA* . 5). . ... 0.42-0.50 | ©.5—0.8 0.8-1.1 1.3-1.8 |n.4-02V,
0,2~0.2 Mo

¥he S and P contents should not be more than 0.025%
each; the Si content ranges from 0.17 to 0.37% in each
type of steel. I

- ##This steel 18 not provided for in GOST 4543-61.

1 Steel; 2) cont nt of elements (%); 3) other elements; 4) 20KhN3A;
30KnhN3A; 7KhN3A; 7) 33KhN3Ma; 8) 2OK4FA; 9) 20Kh2N4A; 10

KhNVA 1éxhan VA); 11) 25KhNVA (25Kn2N4VA) ; 12) 30KhNZMFA; 13)
3OKhN2VFA 14) 45KhNMFA.
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TABLE 2

Mechanical Chacracteristics of High-Alloy Heat-
Treatable Structural Steels (GOST 4543-61)

O ‘ [ [N I *
: aw Hiee
(rem ) hp-“_‘ oBpadoren 2 i 3 o (resfent) | (xa/mnt)
Ly S .
20XR3A 6 s'n";ﬂ'o o8 820° 8 macae guye| 93 s | 12] ss to 229
J0XHIA 7 Javaaxa c 820° & wacae; otmen| 110 w0 | 10| so A 241
ape b
8 arxusac damuaws ¢ 820% » macqep ovayen| 413 | 100 | 10 | s0 | 209
nupw 510 ’
9 SIX HIMA® 3axaaxa ¢ 850° » g ac, orayex| 105 R 1} 12 50 10 -
lo npm 800-—850°
20X 2HAA f-A JaxaanA ¢ 860° » wacac, 2-n » 120 31 ] (%) ] 269
Kaaua ¢ 780°%; ornyex npm {80 & -
20XHIDA 3"":7:.03 850° 8 macac, ovgycx 20 10 12 50 10 269
np! .
{8XHBA tem sanamxa ¢ 9 8 macne, 2-maa-l 113 L1} 12 s 1 10 260
(18X2IHABA) naam'l'co.ﬂ!m' HA BOSAYXC, OTHYCK .
npe :
12 tem saxanxa € 950° na soaxyxe, 2-n| (03 a0 12 50 12 -
BAKANIXA ¢ RBU* B_yacac;, oTtuyex . ’
 npw $25—575¢ o
23X HBA 1} 3axsama ¢ *50° 9 macne; omnyex| 118 LT s 1] 209
29X2HABA npm L60° . ’ -
oxuzqu}l KanKa € wacne; orayex! 90 | 80 | 1o 0 1] 24t
1%0XH2BDA apw 8R0° ' :
SXHMOA® |Janaawa c 880° s macne; orayex| 150 138 ? 35 [} 2689
16 apr 480° ’ o

¥This steel 1s not provided for in GOST 4543-61.
##After annealing or hich tempering.

1) Steel; 2) heat treatment; 3) kg/hma; 4) a (kg-m/cma); 5) Hb ( /mme);
6) 20KnN3A; ;) goth3A; 8) 37KnN3A; 9) 33KnN3MA; 10) 20Kn2N4A; 11
20KnN4FA; 12) 18KhNVA (18Kh2N4VA); 13) 25KhNVA (25Kh2N4VA); 1&) 30KhN-
2MFA; 153 30KhN2VFA; 16) 45KhNMFA; 17) quenching from 820° in oil, tem-
pering at 500°; 18) quenching from 820° in oil, tempering at 530°; 19) -
quenching from 850° in o1l, tempering at 600-650°; 20) 1lst quenching

from 860° in o1l, 2nd quenching from 780°, tempering at T80°; 21)
quenching from 850° 1n oil, tempering at 630°; 22) 1st quenching from
950° in oil, 2nd quenching from 850° in air,'temgﬁring at 180°; 23)

1st quenching Trom 950° in air, 2nd guenching from 860° in oil, temper-
ing at 525-575°; 24) quenching from 850° in oil, tempering at 560°; 25)
quenching from 860° 1n oil, tempering at 680°; 26) quenching from 860°
in oil, tempering at 460°. :

80 l k24
0 10 278 4500
[ 7
. [ - 24 480.

»® HE ?' m;

i oM ~ .‘"? 350 ¥
[ ‘30 ¥} ]
1 20 _/?e— s 3{00

0] \F 4

[} [] 50

%YM 409 soo'.cm,

Fig. 1. Influence of tempering temperature on the mechanical charac-
teristics gf 20KhN3A steel. 1% Kg/mme ; 2) tempering temperature, °C;
3) kg-m/cm<. | - .

Figures 1-5 show the mechanical characterisqics of“high-alloy

heat-treatable structural steel of various types as a furction of tem-
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Flg. 2. Influence of tempering temperature on the mechanical character-
istlcs gf 37KhN3A steel. 1) kg/mm2; 2) tempering temperature, °C; 3)
kg-m/cm<,

pering temperature. The N1 content 1lncreases the viscosity of the steel
and improves 1ts plasticity across the grain. Addition of Mo and W re-
duces the senslitivity of the steel to temper brittleness and improves
the characteristics of large fbrgings. Addition of T1 and V promotes
production of a fine-grained structure. Steels of this type contalning
an Increased quantity of Cr and additions of Mo, W, and V have an ele-
vated heat reslstance. The presence of Mo permits prolonged operation
of -~uch steels at temperatures of up to 400-450° with minimal loss of
plasticity and viscoslty. The weldabllity of high-alloy heat-treatable
structural steels 1s determined principally by their C content; it must
be kept in mird that, as a result of their high hardenability, a harder
zone with a tendency toward formation of cold welding cracks 1is forined
parallel to the weld. Despilte certaln difficulties, all these steeis
except type 4S5KnNMFA can be welded when preliminary and subseqﬁent'heat-
ing is employed; 1t 1s best to use argon-arc and arc welding. Gas weld-
ing, wnich produces a large heating zone, 15 not recommended. High-alloy
heat-treatable structural steels have a relatively low cold-shortness
temperature; components fabricated from these alloys function completely
satisfactorily at temperétures of down to ~70°, During manufacture of
thick-walled fergings or large-dlameter bars steel generally dlsplays

&
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-a tendency fo form floccules, this being an uncorrectable defect; when

floccules are detected in even one forging all the forgings produced
from the melt in questlon &re usuaily reJected.’This defect can be pre-

vented by elow coo1ing after hot deformation or by special annealing to

remove H, which 1s the principal cause of floccule formation.

180 L]
0} N
160 ~\‘ ”
w0} 2a b s
" 120 \\ [ 21
).m. ' §00 s VNS
* L
- b ”» Ll
sob :3 b S <
© 2 Ty )’ 3
3 A1
-
0 ¥ 41
sof

‘1stics 81‘ 33KhN3MA steel. 1) kg/mm

2¢0 400 380 720
P lesseoamyoa omeycaa. °C

Fig. 3. Influence of tempering temgera_ture cn the mechanical character-
; 2) tempering temperature, °C; 3)

kg~-m/cme,

20 MO — —

\lgvx 50%
0¥ 250 o
-0 rsa‘
[ 1
e

2 ;::L %
M

3 Teamepanyss smnycas ¢

Fig; Y4, Influence of tempering temperature on the mechanical character-
istics of 18KhNVA steel. 1) kg/mm2; 2) kg-m/cm?; 3) tempering tempera-
ture, °C. . .

phet gy 1
0

10 ~J I
e 400

2

Fig. 5. Influence of tempering temperature on the mechanlcal charac-
terijtigs of 25KhNVA steel. 1) kg/mme; 2) tempering temperature, °C; 3)
kg-m/cmo, ‘ /
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TABLE 3

Ultimate Strength and Dura- - : \
bility of High-Alloy Heat- n
Treatable Structural Steels

o |0l o o,
_Crass -

Craan 1

2 (10 ma®) (rry

20X HIA 3 ’z $[I0 JIIXHIA IM', 478

9 43 it | 51
IR b)) 128 |87 "
JOXHIA | o0 |4y rnxgm\{ "|u
L {320 - -
168 170 JiaxHbaA R l o
4
T .

~ ¥ests conducted by bend-
ing rotating specimen (ac-

cording to data of various

researchers). '

13 Steel; 2) kg/hme; 3) 20KhN3A; 4) 30KnN3A; 5) 37KhN3A; 6) 33KhN3MA;
7) 18KhNVA. :

TABLE 4 .

Mechanical Characteristics of Certain Types of High-

Alloy Heat-Treatable Structural Stegl at Elevated

Temperatures :
4 Tewo-pa(*C)
Craas) | Tepww. ofpatorma | 3 Cuodcrae 20 [200[ 300/ 00 [430| 300 | 330 | ane
3TXHIA | Jaxanma ¢ 840° or oy (ks xm?) {118 s [108) 88| - - 5
nycw opw $33° g O (mmut) 11/108] <} 9] o} -} - = |2
S
JIXHIMA| Jansana ¢ R80°, or- @) (re. mm?) 971 921 03| 88| -~ | 62 - (1]
aycx aps 640° O,y ("2 ") 87| 18| 23] 1] =~ 8% - ‘s
6 8.(%) 1ol 161 17] | <18 - [ 25
9 ¢ (%) 12 | 0] se} sef 70l - 73 - | ue
Gy (xam/em?) LC 13 18 - 18] 12} 10 9.4 | 1t
18XHBA | 3axsans ¢ 880° » wac- ay (ne'mm?) 126 ~ j122|tvnitn3] 92 77 | -
ae; oroyen opw 580° Oy y (12:27) 111} -~ [In7] 98] 94| 82 12 -
7 IR (%) 18 « 8 18] 14} s8] 18 18 -
10 @, (x2m cm?) $af < ] 12) 1] 107 10 1 -
Goge (K0 MM?) -] - -t AB[ 71| &) 22 -
Coyp sea (K2, 2% -1 - 371 28} 211 12.8 3.4} -
Gy nipee (X2 222 - - - 23 201 11.4 3.4 -

1; Steel; 2) heat treatment; ?) characteristics; 4) temperature (°C);
5) 37KhN3A; 6) 33KhN3MA; 7) 18KhNVA; 8) quenching rrom 840°, annealing
at 535°; 95 quenching from 860°, tempering at 640°; 10) quenching from
880° in oil, tempering at 560°; 11) kg/mme; 12) kg-m/cm2.

The most wldely used of these steels are 20KhN3A, 30KnN3A, 37KhN3A,
33KhN3MA, and 18KhNVA; type 18KhNVA 1s also employed as a cementable

steel (see Cementable structural steel). Table 3'shows the ultimate

strength and durabllity of these steels at 20°.

The mechanical characteristics of high-alloy heat-treatable struce-
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tural steels at elevéted temperaturéa are shown in Table 4.

| ~ Steel of type 33KhN3MA is wildely used. for extremely critical com-

ponents, including large components operating at“temperatures of”&p to
vQSO;; such”components are quenched and high-tempebed before use. Table
- 5 shows the mechanical characteristics of 33KhN3MA stéel.at elevated

temperatures (the speéimens were quenched and‘tempered to a ﬁardness
"HB of 293-311 kg/mm?).

TABLE 5 )

Mechanical Characteristics of 33KhN3MA Steel at
Elevated Temperatures#* _ :

i ) 28 L 0O
Cookcraa 1 100 | 200 | 300 | qen | ase | S0 | 550 | 573 | eno

»
<

‘.ﬂﬂ

Y
Oy (x2/mm?) 3 . e

s 2o T A

L]
By g (X8 MM 4 55
e g 158 ) " s 4
‘AS -4
10

-

-
-

|

- -l
LI B RS-t
- D

wt il o@mas
- e wl W
PR ¥ -

-

¥

.....

@000 (R8/Mmm?) , .
Oroanen (R2/MEM?) | |
Bsr 19000 (K"Jl"))

?: ‘l'é.!f(l (37:1:'.).

-

N
- B~
t1'1igesas

[
o
=

’ -

| e a

P
»nNr
NN

l 34 §

#3pecimens cut in the tengential direction from
a disk 1106 mm in dlameter and 50 mm thick.

ig Charactsristic; 2) temperature (°C); 3) kg/hma;

kg-m/cme.
10— S 40 1900
r P -2 orite {sso
o} o sz {s00
478, {450
'& » ‘ ! Fu"’m"a
N ey i* r :
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Fig. 6. Influence of blank diameter on the mechanical characteristics
of 30KhN3A steel after quenching in o1l (left) and in water (right) and
;

tempering at 580-600°. 1) kg/mme; 2) blank diameter, mm; 3) center; 4)
edge; 5) kg-m/cm2,

~ Table 6 and Figs. 6 and 7 show the iechanical characteristics of
hlgh—alloy heat-treatable structural steels.as‘a functlion of the thick-
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1” c!0006000'00!?05«7 1%
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Fig. 7. Influence of blank diameter on the mechanical characteristics
of 37KhN3A steel after quenching in water and in o1l and tempering at
540°. The dash line represengs quenching in oil and the solid line
quenching in water. 1) kg/mm<; 2) blanl diameter, mm.
TABLE 6
Mechanical Characteristics of Quenched Thick-Walled:
Components Fabricated from High-Alloy Heat-Treat-
able Structural Steel . :
1 2 e e I
Cram Tepumy. ofipaborna "025:‘;."’5:""‘ h"("‘-::. 5 (ormnt) ) ,,u,g,.,
2SXHBA |dwkaana ¢ 380° ua sQalyxe, 18 Ilenrp a0 109 (1} 12 $06.
orayck apw 660° Ti 19 To we 50 103 [ 1] 12 16
Janaana ¢ A0 8 mache, o™ LI 280 103 20 12 fo
nycx npn §00° 15 Y 200 100 80 to [
20XHIA | 3axanwa ¢ A20°s macae. or-[ *°2 NAANYCH (D} too a0 1 ] [ ]
nyck npu 460—-300° 13 Lentp 12 103 [ &} 20 -
B [ouyas i mem | vamanes | B L) 0 B
14 TR HE R IR
> » 156 [ 1] 70 20 -
. » 200 [ } []] 2n -
SIXHIMA Mnn-musauu;:)g nyw Ng;; nae | ., Lerrrp 30 108 (1 12 10
IR AR ol B B R R
podayze Mosepannery 120 108 9?2 - -
15 entp 120 106 | 88 12 [
Mueepxnocrs 200 tod [ 1) - -
1lexrp 2n0 100 82 10 ¢
MMosepruocrs 240 tad [ 1] - -
L Ilentp 240 160 80 10 []
18XHBA :iar'lnfa(rc AB0~870° na pna-! 1/2 paamyca 130 s [} [ 3] 12
ayxe; oriyen ApRIS0—170°
10 Jaxanxs ¢ A8N—RT0° p mac-| 1 2 paamycs 150 1"s [ ] t2 13
Ae, orayex opm 150-170°
1) Steel; 2) heat treatment; 3) area of component cross-section from
which sgecimens were cut; 45 component thickness gmm ; 5) kg/mm2; 6)
kg-m/cme; 7) 25KhNVA; 8) 20KhN3A; 9) 33KhN3MA; 10) 18KhNVA; 11) quench-
ing from 860° in air, tempering at 660°; 12) quenching from 860° in oil,
tempering at 600°; 13) quenching from 820° in oil, tempering at 400~
500°; lﬂz quenching from 820° in oll, tempering at 540°; 15) normaliza-
tion at 850°, quenching from 850° in oil, and tempering at 580-600° in
air; 16) guenching from 860-870° in alr, tempering at 150-170°; 17)
center; 18) the same; 19) 1/2 radius; 21) surface.
ness of the heat-treated component.
Table 7 shows the physical characteristics of high-alloy heat-—
treatable structural steels. ‘ : DR
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TABLE 7

Physical Characteristics of
High-Alloy Heat-Treatable
Structural Steels

Knmn&

Craze (. &2 5"(:3 A(eascm con*C)
1 Asy A | 882 3
‘hnvn Tan T80 | 11,5 -
10'X|l1:5 718 s t1.8 ] 0.0 (2onry
6:‘1\}“,\ e T 11.86 ] 0.t (tanty
3IXNHIMAJ 7o HYE IR A NELTILIN]
8 {INXHRA Tuo lm 1.5 | n.6aT (tan®)
25XHBA 700 120 V1o, 7 o ves (o
(o]

12 Steel; 2) critical points
(°C); 3) Agcal/hm -sec-°C); 4)
20KhN3A 5) 30KhN3A; 6) 37- .
KhN3A: 7) 33KhN3MA; 8) 18KhN-

VA; 5} 25Khiva. .

As a result of the need to conéerve N1 many}types of high-alloy
heat-treatable structural steel are being replaced by nickel-free or

low-nickel steels (see Low-nickel structural replacement steel). For

"thin and moderately thick components almost all tynes of high-alloy

heat-treatable structural steel can be replaced by medium-alloy steel

(see Medium-alloy heat-treatable structural steel).

References: Spravochnik po mashinostroitel'nym materialam [Hand-
book of Machine-Building Materials], Vol. 1, Mosépw,,1959; Avtomobll'-~
nyye konstruktsionnyye stali [Adtomobilé Structuraleteels], Handbook,

Moscow, 1951; Liberman, L.Ya., Peysikhis, M.I.,vSpbavochnik'po BVOy= -+

stvam staley, primenyayenykh v kotlotrubostroyehii'[Handbook of Charac-
teristics of Steels Used in Boililer and Pipe Fabrication], 2nd Edition, _
Moscow-Leningrad, 1958; Metallovedeniye 1 termicheskaya obrr tka stall
[Metalworking and Heat Treatment of Steel], Handbpok, edited by M.L.
Bernshteyn and A.G. Rakhshtadt, 2nd Edition, V6ls;‘1-2,‘Moscqw, 1961-62;
Mes'kin, V.S., Osnovy legirovaniya stall [Principies of the Alloying of .
Steel], Moscow, 1959. p
| | 19% ' Ya.M. Potak
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HIGH- AND MEDIUM~-STRENGTH ALUMINUM CASTING ALLOYS — the Al-Si al-

loys ALZ2,

A4, and AL9. These alloys, as well as ALll, are used in the

modified state (see Silumin).

The silicon forms an a-S1 eutectic (where a 1s a solid solution of

TABLE 1

Casting Characteristics of
AL2, AL4, and AL9 Alloys

an e
l.t (/ 1 : [y 4 5 5
: 5 » 43 agl2a
[ 3 ! b
- 1 1 Crasw :3 5,3 :?-& ;r‘f 5 Elfl
3 | 67 | 25| go# |28z
1 R | G | #2388 nRE
A2 $17 8717 420 3.3 t.4
Ald (43 549 359 3.3 1.0
9 Al 620 (1)) 111 3.8 1 1.9

1) Alloy; 2) liquidous; 3)

Phase diagram solidus; 4) flowability; 5)
of Al-Si sys- volumetric shrinkage; 6) 1lin-
tem. 1) ZnS; : ear shrinkage; 7) AL2; 8)

2) eutectic. ALL4; 9) AL9.

sllicon in aluminum) containing 11.7% S1 (Figure). As can be seen rrom

the phase dlagram, Al-Si alloys are similar in composition to eutectic

alloys and consequentlyihaJe good casting properties. Binary aluminum-

silicon alloys, however, do nc: provide the requisite strength, since

sillcon does nct form hardenling compounds with aluminum. Magnesium is

consequently added to Al-S1 alloys, formin_M3281 with the silicon and

making i1t the alloys harbenable by heat treatment. Manganese 1s also

added to
compound
lizes in

AL2

|
|
|
|
= - ‘
|

!
reduce the detrimental influence of 1iron, forming a stable
: , \
with the aluminhm, iron, and silicon; this compourd crystal-
compact round gfains and does not embrittle the alloy.

alloy has d13t1#¢t1ve casting properties. Just as other Al-Si
1941
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TABLE 2
Change in Mechanical Pro-
. perties of AL2, AI4, and

"AL9 Alloys as a fuaction
of Casting Diameter

Lo | limawcrp 3 o
Cozan 1 m:(::;-;- (xe sar) | § (%)
A2 (newoandmin- 1 13.% 5.9
poLANNKA, axtoR) 30 13,0 2.4
: . 43 12,8 1.7
]‘ . [ '] t1.2 1.5
A4 (vepurwecks off. 15 4.9 &0
padOTANNMY) 30 22,2 4.0
45 19,2 2.2
5 80 17.4 2,0
AJ19  (Tepumwecxn 15 20.3 5.9
00paGotaniiin) 39 171 2.%
43 1.3 1.7
6 [ ] 14,7 1.4

3 Alloy; 2) casting diameter; 3) kg/mn°; 4; AL2 (unmodified, cast);
5 (heat—treated) 6) ALY (heat-treated).

TABLE 3
Typical Mechanical Properties (individuﬁlly cast
Samples)
Coma| Cocrommme marpuana '(u,"' 1) (,:,n,, e (%) HB (,‘,.i,:) G » (..::.',:-)
U ] B 1 iy -
AJ12 | JimvoRk » necsany op-
My, NOAN(MuUNPOLRN-
}‘ MMA ¢ c o v o b0 18 [ ] [ ] L 1] 7000 2700 | 0.33 L]
_J'lmi NOR AArAenNeM 22 12 2 - - - -~ -

AJIA | Monamdwumponannu), an-
Tof b Decxany” $opmy,
5 SaKANENAMR W COCTa-
pennWA DO pewnmy TS 26 20
Jinrofl moa Asknenuen 29 -

10 7000 2700 | 0.33 7
80 7000 2800 | 0.33 -

~ »~

AJI® | Moawdrumporannsill, an-
TOR B gecsanyo dopmy,
6 SaNAlenNMR DO pOXR-

MYTE coovacnn. |

20 1t ) 60 7000 2700 | 0.3t )

~¥Zample rotated during cantilever bending; N =
= Se .10% cycles. o o

1) Alloy; 2) state of material; 3) kg/m2; 4) AL2; 5) ALY; 6) ALS; 7)
cast in sand mold, modifiled; 85 pressure cast; 9) modified, cast in
sand mold, quenched, and aged under reﬁime T6; 10) modified, cast in
sand mold, and quenched under regime T

1942
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.alloys, it has a tendency toward formation of gas pores. Its mechanical
characteristics are moderately high and it has satisfactory corrosion

resistance in moist air and salt water (see Corrosion of aluminum al-

Agxgl and high hermeticity. This alloy cannot be hardened by heat
treatment. It is satisfactory for gas and argon-arc welding. AL2 is in-
tended for casting geometrically complex components which will not bear
large loads.

AL4 alloy 1s distinguished by good casting properties, compara-
tively high mechanical characteristics, satisfactory corrosion resis-
tance in moist ailr and salt water, and good cuttabllity and 13 satis-
factory for gas and argon-arc welding. It yields high nermeticity. The

_principal drawback of AL4 is its greater tendency toward formation of
gas pores. The heat-treatment regime 1lnvolves prequenching heating at
535 + 5° for 2-5 hr, water—cooling (50-100°), and aging at 175 + 5° for
15 hr. AL4 1s generally used for fabrication of laqge- and medium-size
components which are subject to substantilal stresses and must function
under pressure.

TABLE 4

Mechanical Properties of AL2 and AI4 Al-
loys at Low Temperatures

| T
Bw1 noay., Cocronnwe eMn-pa o a
canan 3 I RO TANNA )
Oﬂnplnnéll nrejvn.n S (usun) ) (nrm cm?)
AllI2 { Oriennno | Moamiwume —40 19 0.0
OTANTINE TOrdHHKWE 70 a0 [} 0.5
6 odpsauu
a
~
A4 | To we Tepunwecnn —40 28 3.2 0.2%
ofipadnramn~ -70 29 2.4 0.23%
7 9 WA o pe- | —186 3 2.8 0.2%
wuwy T8
11l 1

1) Alloy; 2) type of semifinishsd product; ?) state of material; 4)
test temperature (°C); 5; kg/mm=; 6) AL2; 7) AL4; 8) individually cast
samples; 9) the same; 10) modified; 11) heat-treatment under regime T6.

AL9 alloy has good casting propertles and moderate mechanical

prbperties. It has a tendency toward nétural aging, so that after one
1943



TABLE 5
Mechanical Properties of AL4 Alloy at
Elevated Temperatures

it nonye Coerumnne Testiepe “

c"': g¥alpurara 3 warepgans k‘"z‘,}‘;‘"‘ (nrmmr) | 5 (%)
AJIA | Otacarmo  or | JluroR n necow, 20 1Y 3.4
anrie  obpar- TENMBIEC KN [T 22 3.4

ne, 4 1Y ot patoranniag 150 13 3.5

no pencewy 1'¢ 7% ts 3.6

6 7 200 1 4.0

8 25¢ it 8.4

1) Alloy; 2) type of semifinished product; 3) state of material; 4)

test temperature (°C); 5) kg/mm2; 6) AL4; 7 individually cast samples,
d = 10 mm; 8) sand-cast, heat- treated under regime T6.

TABLE 6

Mechanical Properties of A4 Alloy at
Elevated Temperatures After St&biliZa—

tion#*
Baa Coctonuse Texn-pa |4 o -
poaydadpuwara 1 2 MatepRata “"('“C“"" s amty | 1 (%)
1 .
OQraeasno oramrue | J1uTok » necow, vep- 20 24 3.0
oOpasum, 4 10 sm MReeCKK  00pato- 100 23 2.0
TAWANK T10 PONENY t50 20 3.2
5 TS, crabuasinpo- 175 15 5,4
FAUHIN inteiuininh it b

‘Sfabilization. preliminary holding
at test temperature for 100 hr.

1) Type of semifinished product; 2) state of material; 3) test tempera-

ture (°C); 4) kg/mm2; 5) individually cast samples, d = 10 mm; 6) sand-
cast, heat-treated under regime T6, stabilized : ‘ :

TABLE 7 , _
Physical Properties of AL2, AIH4, and
AL9 Alloys -
= 10° (1.°C) P
l 2 3 opR reMn-pe 5 g'xgg' e
Cames | (oiuny | 3 s 5 (xaa cx. ° gf”% npm 1003
S| 8] 3 |wa| fiE [t
| | ; L . z;gg 6
| s 2 333371 6
gm 2.8 | 21,9 {220 233} o.42 40,0 -
A4 2,685 21,7 ] 22,81 23.% 0,358 37.0 0,23
9("19 2,68 23.0 } 23.0 ) 24,5 0.3¢ 38,0 0,23

1) Alloy; 2) g/cm ; 3) at temperature of; 4) cal/bm-sec-°c 5) elec-
trical conductivity in % oi conductivity of’ copper, 6) c at 100°
(cal/ge°C); 7) AL2; 8) AL4; 9). AL9.

1984 o
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or two months the mechanical characteristics of the quenched alloy ap-.

I

proximate those of the quenched and artiflclally aged allcy. Its salt-

v e ——

water corrosion resistance and cuttablility are satisfactory and 1t
yilelds high hermeticity. Thls alloy 1is =suitable for gas and argon-arc
welding. Two heat-treatment regimes, T4 and 75, are used, depending on
the mechanical properties requlred.

AL9 alloy 1s usually employed for geometrically complex components
which will bear moderave loads and must function under pressure.

The creep strergth and iong-term strength of AL4 alloy which has
been sand-cast, modified, and heat-treated under regime T6 (individual-
ly cast samples, d = 10 hm) are as follows: 0,455 = 2.5 kgﬁmm2;v
00.2/100 = 1.0 kg/'mm2 (from total deformation) at 300°.

As has already been noted, the alloys of thils group are charac-
terlzed by high hermeticity, i.e., an ability to withs*and hydraulilc
pressures of the order of 150-250 atm without flowing, depending on the
thickness of the casting walls. The hermeticity of castings can be in-
creased by thickening the walls, by casting in chill molds, by permi;—
‘ting the castings to crystailize under elevated pressure (see Crystal-

lization of aluminum alloys in an autoclave), or by vacuum evaporation

of the liquid .netal before casting (see Vacuwr. _evaporation of aluminum

alloys). The good casting properties of AL2, AIA, and ALY make it pos-
sible to use them for prcduclng castings of virtually all sizes‘and

shapes by any current casting method.

Refercnces: Al'tman, M.B., et al., Plavka 1 1it'ye legkikh splavov

[Melting and Casting of Light Ailoys], Moscew, 1956; Kolobnev, I.P.,
Krymov, V.V., and Polyanskly, A.P., Spravochnik liteyshchika. Fasonnoye
'lit'yeliz alyuminiyevykh 1 magniyevykh splavov [Handbook of Foundry
Work. Die Casting of Alumingm and Magnesium Alloys], Moscow, 1957.

M.B. Al'tman and T.K. Ponar'ina
1345
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HIGH CORROSICN RESISTANT CAST MAGNESIUM ALLOYS are magnesium élloys
,which_surpass the magnesium alloy MLS in corrosion resistance. They'in-
clude: the type MLi4pch (pch — high purity) and type MLSpch alloys (AMTU
488-63) of the Mg — Al —.Zn system; all alloys of the Mg — Zr system of
types ML10, ML12 (AMTU 488-63); type ML2 alloy (GOST 28656-55) and Aﬁhers
of the Mg — Mn system. The MLipch and MLSpch alloys differ from thé‘MLM
and ML5 alloys in lower content of undersirable impuritles. The mos%
widely used MLSpch alloy permits 0.001% Ni in place of 0.01%, 0.007%

Fe in place of 0.08%, 0.05% Cu in place of 0.1%, 0.08% Si in place of
0.25%. (For chemical composition of.the alloys see Magnesium Alloys).
The high corrosion resistance of details made from the ML4pch and Mi5
pch alloys is achieved not only by means of limiting the ~ontent of the
1ndurious impurities, but also by use during casting'of the chloride-
-free fluxes (FL1l) in place of the chloride fluxes (V12 or V13). As a
result, castings are obtained which are practicallyvfree of inclusions

of the chloride fluxes which form, with moisture, concentrated solutions

" of the chloride salts which dectroy the magnesium alloys.

The corrosion resistance, determined from the amount of hydrogen
released duringv48-hour soak of specimens in a 3% NaCl solution, is on
the average 30 cm3/cxn2 for the ML5 alloy, while for the ML5 alloy pre-
paréd with the use of a chloride-freee flux it 1s no more than 12 cm3/
/bmz, and for the MLSpch azlloy it is no morse than 6 cm3/bm2' The cor-
rosion resistance of the alloys based on the Mg — Zr system as determ-
ined by the amount of hydrogen released during a 48-hour soak 1h a
0.5% NaCl solutinn is typically 0.3-1.3 cmz/bma, in particular the ML12

’ ig946
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alloy figure 1is about 0.9 cm3/cm2,.the ML10 alloy 1s about 1.1 cma/éma,
the VML2 alloy is about 0,3-0.5 cm3/cm2, while the ML5 alioy figure is .
2.5 cma/cme. | ,

The MLZ alloy, which ic uséd relatively little because of low mec-
hanical and processing propertieé, 1s capable of reslisiting the ac¢tion
of concentrated solutions of caustic soda at temperatures to 120° and 
soda solutions. Unslaked lime, lime solutlons and ccncrete destroy
castings made from the ML2 alloy éery slowly. The mechanical and phy-
sical properties of the MLi4pch and MLSpch alloys are similar to the‘prof
perties of the commercially pure ML4 and ML5 alloys (see High-Strength .. -
Cast Magnesium Alloys). For the mechanical, physical and processing .
properties of the alloys ofbthe Mg ~ Zr system see High-Strength Cast.
Magnesium Alloys and High-Temperature Cést Magnesium Alloys. Typical e
mechanical properties of the ML2 alloy are presented in tables 1-2. Thé 
‘minimal mechanical properties guaranteed by GOST 2856-55 for the ML2
alloy are lower than the typical properties by 1 kg/’mm2 in ultimate
strength and by 1% in elongation.

TABIE 1

Mechanical Properties of theML2 Alloy at Various Temperatures (12-mm-
diam specimens separately cast in sand mod, without heat treatment)

' [}

2.0 100 (NY
ocraroanc 3
€ Qrpuannwy

(resmun 3| % ! (ne umt) 3

a
»

8.1 ¢ | HB

Tenn-pa "o.n
*C

3 ho ju
3oiesfto |
A 1t !
7 ||:.s 1

~ste ™
COwL

1o
150 3
200 3

2 b G K0

woen

|

1) Temperature; 2) (permanent'defdnmation); 3) (kg/hme).
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TALBE 2

Typical Mechanical Propert.es of ML2 allof at 20° (specimens cut from
details cast in sand mold, without heat treatment) '

et e s s A A LI R A

Tuaumng crens a
L LIRS ‘ bt%)
IJote L., to I
3de20 . .. . .. 9 2.5
4 Bajgee 20 . . . L, 7 1.5

1) Casting wall thickness (mm)j 2) (kg/ﬁﬁz)fwgfwfsujwh)"8;;};

The propeities-of the ML2 alloy in compression at 20°: oy = 16 kg/

SRR S D KA eSS 16 b i ) 5 s e Cr A 4

" /hmz, A = 25%. Shear’resistance Tep = 7 kg/me, impact strength o = 0.5
: kgm/bmz. Physlcal and processing properties of the ML2 allby: v = 1.8;
] a = 26.6.107%

(20,— 100°), 27.3.10°0 (20 — 200°), 27.7.10°0 (20 - 200°)
1/°C; A =-O,3é (éOb) cﬁi/bm-sec-°C;‘p = 6.88-10'6 (20°), 8.3-10"6 (100°)
9.7:10™2 (200°) ohm-cm; ¢ = 0.25 (20 — 100°) cal/g-°C; E = 4200 kg/mm?;
linear shringkage;l.7;1.9%;~liquidu$'temperature 650°; -solidus temperaz—="="
ture 645°, In caStingiihe MLﬁpch and MLSpch alloys observation of the
following cqndifian is recommended: 1) melting crucibles anrd tools are
céated toupfev&nt.énrichment of the alloys with iron impurities; 2) to
obtainvéasziné ffée.frdm inclusions of chlorlde fluxes the last 2-3 min-
utes ofcrefihing_and.settling of the molten metal and pouring into the
forms is pérforméd'under the FL1 chloride-free flux; 2) as charge mat-
erials,.use'ma& bé»made ofvfinished MGS4pch and MGSSpch alloys preparasd
in accordanée with TU 47-59, preliminary alloys prepared by the fabric-
ating plants, and also MGSh and MGS5 alloys selected on the basis of
‘chemiqa; cqmpbsitiéd, In the latter case manganese additives must be
usedf£o réﬁove‘tie iron impurities. |
V 'gTheicast1n$ properties of theML4pch and MLSpch allcys are the same
as thqs§~of‘£hé'al1oys of commercial purity, while those of the ML2 al-
loyféreaiqﬁg the_minimal-wall thickness in caéting detalls from the MI2
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~alley 15 equal to G- mn dependiﬁg“n vhe cast slze. Cuating densiéy is
good. The alloy has a2 tendency :o formation of hot cracks (in testing
for hot brittleness the tirst crack is formed with a ring width of 50
mm), therefore, only casting of detalls of simple configuratiun 1s pos-
stble, The alloy 1s not stréngthened by heat treatment. It weldc well
with gas-acétylene welding under the VF156 flux, and with electric spéf
welding and agron-arc welding. | '

The detalls made from the high corrosion resistanct cast magnesium
alloys, Jjust as those made from the alloys of commercial purity, are
protected from corrosiovn by oxidation and paint/vafnish coatings (see
Corrosion of Magnesium Alloys).

Tre MI4pch and MLSpch alloys are used for highly loaded detalls
operating for long periods in severe conditions, for example, under at-
mospheric conditions of high humidity. For areas of application of the
alloys of the Mg — Zr system of types ML10O, ML12, and others, see High-
Strength Cast Magnesium Alleys and High-Temperature Cast Magnesium Al-
1oys; The MI2 alloy 1s used for production of lowly loaded details of
simple configuration (various gasoline and oll fittings, tanks). The
alloy may find application in the chemical industry for detailé opera-
tinz in an alkaline medium.

References: see article Cast Magnesiuma Alloys.

N.M. Tikhova

1949
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HIGH;ELASTIC EQUILIBRIUM MODULUS characterizes the equilibrium de-
formation of lattice polymers (ruﬁbers) and .s d2terminad from the re-
1&tion Le=ow , whrre E_  1s the high-elastic e-uillbrium modulus, ¢ is
true stress (equilibrium), & is the specified tensile (compressive) de-
fcimation. Thé equilitriun stress is determined after complete relaxa-
tion of the stress in the speciren, The high-elastic equilibrium modu;
lus is assoclated in a definite way with the structure of the lattice
polymer. The formula N = C(EwIT)3l2 ls used to compute the number of
bonds N of the three-dimensional lattice in unit volume; here T is the
abqoiute temperaturé (°K), E, is in kg/cm2, and C 1s a constant which

22 to 3'1022'

for rubbers varies from 1.10

References: Bartenev G. M., Zhurnal tekhn. fiz, (Journal of Tech,
Physics), 1950, No. 4, page 461; 1952; No. 7, page 1154; in book:
Vulkanizatsiya rezin (Vulcanization of Rubber), Leningrad, 1954, page
196; Vishnitskaya L.A., KZh, 1959, Vol. 21, No. 3, pages 370-73; Tr.
N.=-1. in-ta rezinovoy prom-sti (Transaction of the Scl. Res. Institute
of the Rubber Industry), 1954, coll. 1.

G.M. Bartenev

1950
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HIGH-FREQUENCY CERAMICS — see Ceramic Materials fcr Radio Engineer-

ing.

1951
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HIGH;GRADE CHROMIUM — 1is a chromium which contains'impuritiés in

& quantity of not more than 0;015%; it possesses plastic propertiés at

| i&ﬁrﬁeﬁperatures; This'pééuliarity'of pure chromium combined with its

thermal endurance, 1its resistancé to aggressive média and the relative-
ly low Specific gravity makes 1f poséible to use chromiﬁm gs a stfuc-

tural material for a number of speclal-purpose parié. High;grade chrom-
ium may also be used for alloys with special prcperties: pfeéiéion, re-
fractory, corrosion-resistaht and other alloys, in which it 1s present

either as the basic metal or as an alloying component. Higﬁ;grade

 chromium 1s obtained by removing the impurities of commerciél chromium

by refining (Table 1). The total of Pb, Sb, Bi, Cd, Sn, and Cu amounts

TABIE 1

Tercentage of Impuritic: in Electrolytic Chromium
(according to the data of the TsNIIChM)

Mpuwecs ] o l N I H ' S C I Fe .

Coaep:anne (s : !
e %) .. ‘o 0,3-0,8 0.05—0.15, 0,05-0,42 { 0,02-0,03 | 0,02-0,03

a0 0,01

1) Impurities§ 2) content (in % by weight).

to about 0.003%. The electrolysis of aqueous solutlons of‘Cbrqmié an-
hydride 1s the most thoroughly developed but not the best @éthod)to.

obtain commercial chromium suitable for a subsequent refining.'TJe
electrolysis is carried out in lead tanks which serve aé an-anode§ the
cathode 1s méde from stalnless steel. The eleétrolyté 1;.compo$ed of

chromic anhydride (300-350 g/liber),"suifuric acid (3-7 g/lifér);_and
distilled water as a solvent. The chromium is precipitated On.thé 
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cathode 3n the form of ©.2-0.3 mm thick scales.

Chromium obtained by electrolysis of molten media using soluble
electrodes may also be used as a commercial metal. Various chromium al-
loys {ferrochrome, for example) and also other chromium-containing ma-
terlal with n-type conductivity are uced as soluble electrodes. A melt
of sodium chloride ceontaining a small quantity of chromium chloride
serves a5 an electrolyte. The quality of such a chromiumlis somewhat
higher than thét of a chromium obtained from aqueous chromic anhydride
solutlons, and the former chromlum 1c considerably cheaper than the
latter.

Electrolytic chromium serves as a raw material for the prepara-
tidn of high-grade chromium. A number of methods are known to refine
chromium; a general method, however, which removes all impurities with
an enual completeness, does not exist. Each method is suitable to re-
move only certailn impurities, and the expedient choice of the method
depends on the requirements of the purity of the chromium with respect
to specific impurities.

Refining of electrolytic chromium in a stream of pure hydrogen at

high temperatures 1s the most thoroughly developed and efficient method

for tne preparation of high-grade chromium. This method i1s suitable for

purifying chromium from O, H, N, C, S, P, Cu, Sb, Bi, Cd, Pb, and Sn.
Metals with a low vapor pressure (Al, Si, Fe, Ni, etc.) are removed
from the chromium to a lower degree. The refining is carried out in
speclal furnaces with a molybdenum heater. The furnace is made complete-
iy from metal in order to prevent a contamination of the chromium.
Scales of electrolytic chromium are put 1Ato a molybdenum contalner

placed in the furnace and heated in a dry hydrogen stream. The tempera-

ture of the process, the holding time, the purity and the specific con- -

sumption of hydrogen (i.e., the ratio of the quantty of hydrogen con-
1953
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sumed for the réfining of the ch;bmium to the welght of the chromium)
are the méin.factors whicb deterﬁihé the completeness of the refining
of chromium by hydrogen. Ralsing the temperature facil.tates a more
complete removal of the impurities aﬁd shortens the treatment time. A
residual oxygzen content 0.001% is obtainable within 15 hrs at 1700°,
within 23 hrs at 1500° and after more than 50 hrs at 1300°. A residual
carbon content of 0.001% is éttainéd within 5 hrs at 1700°, and within

~ 30 hrs at 1500°; at 1300°,‘however, the minimum carbon content amounts

to 0.004%. An increase in the specific consumption of hydrogen shortens
the time of the refining proceSs. The degree of purity of the hydrogen
has é great inflvence on the purity of the chromium (especially with
respect to the oxygen and nitrogen contént). The percentage of Iimpuri-
ties in refined chromium is quoted in Table 2.

TABLE 2

Percentage of Impurities
in Refined Chromium (accord-
ing to the data of the

TSNIIChM)
2 P oA Padruupo-
g 1. 2 w:"n':)gn|:(n:le“ u“,',;::',’;:_:sy
5 3napu 1300° 13""" 17000 Me1010M

 TaaosuiR avanana (zecomsic %)

+0,003—0,005] 0,001~0,0u2 0,001—0,002
}ol ’ 0,0004% 0,0004 0,0004
N I 0,01—0,02 9,001—0,002 9,604
6x--l!ecxu9 ANAT NI (necnpur %)
"€ 10,004—0,008(0,001-0,002/ 0,010,002
S -— <1,001 <, 0ul
P 0,001 <U,001 <0,001
X NMENO-CREXTDANLUWA AKANHI
7 (pecosme %)
0,0% 0,003—,005 0,003
4 - 0.003—0,005 -
Al 0,01 0,001—0,005 <90,00%
Cu - <0,00¢ <0.0!Ll
Pb 0,001 <H-fu~t <H-10~8
DI 1.10~¢ <1-10=* <t 10—t
(o toto=e <5-10~* <Y1t
Sn 1.10=¢ <t to-¢ CS TR L A
sb 1.0 <ieto= E4 T Ve

1) Impﬁrities; 2) refined in hydrogen; 3) at ...; 4) refined by the
iodide method; 5) gas analysis (% by weight); 6) chemical analysis
(% by weight); 7) spectrochemical analysis (% by weight). '
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High-grade‘crromiuh may be prepared by thermal dissoclaticn 6f,1ts
lodides (lodide method) (Tabie 2). The refining of chromium may also
be éarried out by the method of zone melting. This method;ihowéver; has
certain disadvantages in ti.e case of chromium, caused mainly by the de-
sign of the apparatus for zone melting.

From the mentloned methods of production of high-grade chromium,
only the réfining of electrclytic chromium in hydrogen at high tempera-
tures 1s utlilized on a semiindustrial scale. The other methods.havg'not

surpassed the level of laboratory investigations. |
. ‘References: Greenaway, l.T., The Electrodeposition and Refining
of High-grade Chromium, "J. Inst. Metals," 1954, Vo. 83, Part 4, pages
"121-125; Marvin, J.U., Chromium, Vol. 2, N.Y., 1956, page 148; Smith,
'W.H., Seybolt, A.U., Ductile Chromium, "J. Electrochem. Soc.," 1956,
Vol. 103, No. 6, page 347; Karsanov, G.V., Lyakhin, B.P., Ponbmarev;
‘.-Yu;N., Polucheniye elektroliticheskogo rafinirovannogo khroma [Prepar-
'ation‘of Electrolytically Refined Chromium], "Tsentr. in-t ihformatsii
chérnoy metallurcii" [Central Information Institute for Ferrous Metal-
lurgy], Information No. 40 (562), Mosccw, 1959, pages 99-103; Yemel!
.yanov, V.S. [et al.], Usovershenstvovannyy metod polucheniya ic4tdnogo
khroma 1 yego svoystva [Improved Method of the Preparation of Chromium,
and the Properties of the Latter], in the Collection: Metallurgiya 1
metallovedeniye chistykh metallov [Metallurgy and Metal Science of Pure
Metals], No. 1, Moscow, 1959; Ageyev, N.V., Trapeznikov, V;A., Poluchenel
iye iodidnogo khroma i yego svoystva [Preparation of Iodide Chromium
ahd Its Prdperties], in the book: Issledovahiya po zharoprochnym
splavam [Investigations on Thermally Endurable Alloys]), edited by
'V.S. Yemel'yanov and A.I. Yevstyukhin, M., 1957; Pfann, J., anndya
plavka [Zone Melting], translated from English, Moscow, 1960.
. B.P. Lyakhin
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HIGH-HOT-STRENGTH ALUMINUM CASTING ALLOYS — high-hot-strength al-
loys intended to functlon at elevated temperatures. The hot strength of
an alloy characterizes 1its reslstance to stress and temperature. The
changeslin the strength and other propertles of aluminum alloys during
prolonged exposure to higﬁ temperature and‘stress depend on the follow-
ing factors: 1) the energy of the interatomic bonds of the alloying
elements, which Is roughly characterized by their heat of sublimation
and the activation enérgy of their diffusion in aluminum; 2) the degree
of supersaturatlion and the cnaracter of the aluminum solid solution; 3)
the structure of the alloy (i.e., the size, shape, quantity, and dis-
tribution of the secondary-phase particles). Hence 1t follows that the
higher the worklng temperature and the longer the exposure, the higher
should be the melting temperature of the alloyling elementé and the low-
er should be the diffusion coefficlent. For example, for prolonged
functioning at 350° or more high-hot-strength aluminum casting ailoys
should not contaln lithium, zinec, calcium, or magnesium, which mve in-
teratomic bonds of lower energy than the aluminum atoms and high diffu-

Vsion coefficlents; the hligher the temperature, the more complex should
be the chemlcal composltlon of the solid solution and the lower should
be its supersaturation. The decomposition products of the aluninum so-
11d soclutlon should be ultradlspersed solid particles of stable complex
phases with 1lilttle tendency to coagulate at the working temperature. In
this case a micrcheterogeneous structure 1s formed within the grains of
the sclid solution, 1nhlbitlng the displacement of dislocations and
atomic layers along the slip planes. This 1s the principal factor in

1957
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5 obtalning increased hot strength; in order to retard decomposition'qf .
the aluminum solld solution and recrystallization high-hot-strength
aluminum casting alloys should contain stable phases (e.g., A160u3N1;[_
A13(Curi)2, Alghn,Ce, ete.), which crystallize'in slender ramiried','}'
structures that completely block the grains of the aluminum solid,solu-»;
tion. In selecting alloying elements fcr high-hot-strength aluuiinum |
casting alloys it is necessary to take into account the ;ossibiliﬁy of o

forming more than 20% of eutectic, a conditlion necessary for obtaih@ng

good casting properties (increased flowability, reduced tendency toward
hot cracking, etc.).
Alloys of the silumin type have the lowest hot strength of the

Sty ko B . Py Wonde

high-hot-gtrength aluminum casting alloys, Al-Cu-Ni-Mg and Al—Cq-Ni—Mn
‘alloys have high hot strengths as a result of the presence of compléx
stable phases (S, T, etc.)..VALl and ATsRl alloys haQe the highesf hot
strength. The following alloys are usually emplcyed for cast components
which must furction at elevated temperatures for prolonged peridds: ALl,
AL3-1, #I4, ALS5, AL1OV, AL25 (ZhIS1l), AL26 (VKZhLS), AL19, AL20 (V14A),
AI21 (V300), VALl and ATsRl. For example, the cylinder heads of 1liquid-
cooled engines are usually fabricated from ALh'alloy, which has high_
‘casting characteristlcs, good hermeticity, and the requilsite stréngth
'chéracteristics for prolonged functioning at temperatures of up to '
200°. AL3-1 alloy has a higher hot strength than AL5, but has vefy*sim.
ilar technological properties.AL3-1 and ALS5 alloys have higher hét
strengths than AL4 and are used for the cylinder heads of air-éooled J‘:
englnes. | A | |
 AL1, AL25 (2ZhIS1), AL26 (VKZhLS — hypereutectic silumin), AL1OV, |
and VALl alloys are employed for cast plstons. These alloys can be ar-
ranged in the following order of increasing hof strength: AL10OV, AL26 '
‘ (VKZhIS), AL25 (2hIS1), ALl, and VALl. The order with respect to in-
5. | 1958 | o
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creasing technological characteristics is AL1, VALl, AL1OV, AL26
(VKZhLS), and AL25 (ZhLS1). The latter two alloys have the lowest coef-
ficient of linear expansion and thelr use makes it possible to employ
small clearances between pistén and cylinder in piston engines. It must
be noted that AL25 and AL26 alloys, whiéh contain nelther nickel nor
cobalt, have lower hot strengths than ALIOV. All the alloys used for
casting pistons have a low relwtive elongation (0.5-2%) and a low ime
pact strength (0.3-0.5 kg-m/bmz). Practical experience has shown that
the reduced plastlcity of plston élloys has no marked influence on pis-
ton service life.

AL19 alloy has the highest mechanical properties at room tempera-
ture (o, = 34-45 kg/mm%; & = 4-8%) and a high hot strength. Its princi-
pal drawback 1= the fact that components cast from it have a low herme-
ticity. |

AL21 (V300), ATsRl and VALl alloys have the highest hot strength
and high hermeticity. AL20 (V14A) alloyahas almost the same hot
strength as ALl, but has substantially better technological propertiles.
AL2)1 alloy contains 1.5% 1iron as an alloying element and can conse-
quently be produced from secondary alloy% and various aluminum-produc-
tion wastes. High-strength alloy-,(of th? AL8 type) can be employed for
brief operaticn at elevated temperatures; since they do not undergo any
substantial softening over short périods; Heating-system units require
an aluminum casting alloy with the following characteristics: high
long~-term strength at 350-425°, hennet;c#ty (the componenté should be
able to withstand high gas and 11qﬁid présgurés), and satisfactory
weldability and cuttability. ATsRl alloy&;atisfies these requirements;
it has a higher hot strength when cast (ﬁ;thout quenching) than when
heat-treated. S ]

. .
In contrast to ATsRl, VALl alloy is Lsed in the heat-treated state.



TABLE 1

Minimum Mechanical Pro erties (according
to GOST 2685-53 or STUg P

§
i
[

. W - 3 - HE
cuul ‘Cocrounse uatepmaas *° (o sen?) | Ge (%) | (0 Ty
b M1 | Tepumwessn  obpafiorannii : .
A LHO perinmy T5 20 [ 18 1 ] (1]
Aldet . | Tepunnwecnu nlipaBoroumuit
RO PORAMY TSt 2t n,5 k]
B 5 ltowe 7 U 1.0 10
AR Tepunsetsn  nfpaSorannuf .
RO penny TS 16 0,9 43
To we TS| 20 08 70
. C T 18 1.0 (1]
ANT | Tepumiecum  obpabotammut
Ho perRvy: . . L) 20 L] [ 11]
i | Tome Ts 22 3 10
y - | Tepunueckn  chpaCorannui .
; N“g 1 uo peniamy pac Tt 17 0.% 90
! To we T 20 “,5 160
Tepmdncern  ofpaforansus
Am; " mo pe.nm-)‘ s ’ T 30 8 80
To we 134 34 . 100
AJI20 | ODERE 12 Jitroro cocronnan
(B14A) | 0o peamvy T2 I8 t a9 85
¥ Tepunteckit  ofpaGorannusd '
" 10 n‘:) pesnMy T? 2t n.s 85
1 AJ121 | Onwme ma antoro cocromnmn
i (B300) N0 perwMy T2 1] 0.8 65
; Tepwnuecxn obpaboransuft
: 11 n’;) pemuMy ki N 0.8 1
e T 1 oAUPE 1 OTnYeR W3 awrero coctom- {
12 NNR U0 pewuMYy T1 20 1.0 70
AJI25 | Otnyek ma amtors cocrom-
IBKJICI) ' )Ilyl 10 pewuny Tt 20° 0,2 90°
A28 [ Omycx ma anroio coctod.
(BKIK.10) NNA NO Peruvy Tt 0. 0,2 90
14

¥These characteristics are for samples

cast in chill molds. .

¥*For the lLcat-treatment regime see Heat
treatment of aluminum alloys.

Alloy;

1; 2) state of materlal; 3) kg/mm2; 4) AL1; 5) AL3-1; 6) ALS;
7) AL7; é% AL10V; 93 AL19; 10) AL20 (V14A); 11) Af2l’ (V300); 12) ATsRl;
13) AL25 (zhLS1); 14) AL26 (VKzZhIS); 15) heat-treated under regime; 165‘
the same; 17) annealed from  cast state under regime.
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TABLE 2

| Influence of 10C~hr Heating at Test Tem-
\ ' ' perature on Mechanical Properties*
|
|
|

Cocr muwe | Tewn-pa (4 Harpew 30 wna. | € 1arpen 109 mac.
Cnnay Ma' Cpmd.ag, (ICHANRA : i i
b (R (e .1), Bia (%) [oa(n-mam) 2,.(%)
7
ATt fepuninckn 20 28 0.s 2% 0.3
oA pabatansiiin .'.':0 2: :fsl 2: ;_3
: 10 peKHuY AT 1 . 1 .
i 7 ' p’}& J';g lg :.0 ty :.0
i 3 .0 L] 1
: ANl3-1 Trpuacenn 20 27 1.0 27 1.0
! ONPABOT IMHIR 200 29 1.8 18 2.0
! 8 o pe Kuwy 250 18 2.0 18 30
| RO T O O O
i . © AL | Tepunnecwn 20 26 40 28 Lo
i A WpaBaT. I HHIIA 200 18 5.0 12 8.0
| e ' no pe..nuy 2%0 12 7.0 ® 12
OO DL T - O A
|
) AJTS Tepunyscrn 20 28 0.8 28 0.8
: wpaf-oTanun gug 23 ;g l: 1.;
: k. 0o pracitey 25 1 . ] .
\ 5 ‘ 10 e e 12 8.0 1 2:.0
10
Ale Tepunieckn 20 20 8.0 20 5.0
ll Ohp.atoTANKIIR Eng 15 |§ |3 ;:
0o peANMy 25 u 1 1
MR R R
"AJIID | Tepumneckn 20 36 5.0 38 4.0
o6 patoTaHHD 200 28 8.0 b1 ] 0.0
12 no peravy 230 18 7.0 17 7.0
I S I B
3 10.
AI20 Tepunvecxn 20 22 0.9 22 .8
(B14A) [ofpador imnwe 200 18 1.9 18 .0
0o pesnMy 250 16 2.% i3 .0
13 T’ 3% 0 80 | '3 N
A2t Tepumriscin 20 24 1.0 24 0 -
(11300)  lofipanaranune gog ‘;'l' l.g 23 '.g =
no pemugw 5 J 1. ] .
ol DUURLAUNE O T LI O O O O 2
BAJIt Tepuinecrn 20 o8 1.0 28 .0
ofpatiotanuin ~nQ 2% 1.2 22 .3
15 no pexxumy 250 24 1.8 19 .9
G S N T O
AllPy Tepunscckn 20 20 1.8 20 3
ot p GoTaHN NN ggg :: l.; :; g
No penun | 1. .
16 q’l Y 3so 12 2.% ] 3.0
400 8 40 8 .0

¥Individually cast (in sand molds) spe-
cimens.

1) Alloy; 2) state of material; 3) test temperature (°C); 4) heating
for 30 min; 5) kg/mme; 6) heating for 100 hr; 73 ALl; 8) AL3-1; 9) AL4;
10; AL5; 11) AL9; 12) AL19; 13) AL20 (V14A); 14) AL21 (V300); 15(); VAL1;
16) ATsRl; 17) heat-treated under regime.
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TABLE 3
Typical Mechanical Properties
Peitinn E e , N Hy .,°

TOPMNY. i C o a,

Cuasw 0O paGirpe | = e e o ‘*) - x -

[ (xex ca?)
1 L] Sad-3 (commt) 3 torry)
AJl TS 409 22 i .7 LG 3.4 8.3
Al e 000 | 24 P .8 85 | 6,0 0.3
AJTA 18 700g 20 24 4.0 70 7.% 0,4
AllS TS Tnop 21 o8 1.0 LT 6.5 9,3
AlltoB 18 Ty 22 a8 0.5 vy hou 0,2
AJl19 Th Futy 2% 3 9.9 L3 3.0 0.8
AJl20 T? 7100 t8 20 1.2 in 1.5 1]
All21 T? e a2t £ 1.2 L1 7.5 (]
BAIL TH Tuety 18 26 2.u s .0 .
ALIPt T 1200 15 24 1.0 3h 7.0 n.3
WACH T1 Tung i¢ 0 0. h 75 9.0 0.4
KKJIC T 1200 18 P . 0.4 95 L V.3
1 . R

*Cantilever bending of rotating speclmen; N = 5.108 cycles,
##3ee Heat treatment of aluminum alloys.

1) Alloy; 2) heat-treatment regime; 3) kg/mmz 4) AL1; 5) AL3-1; 5) ,
AL4; 7) ALS; 8) AL10V; 9) AL19; 105 AL20; 11) AL21; 12) VALL; 13) ATsR1;
14) ZhLS1; 15) VKZhlLS.

TABLE 4
Mechanical Properties at Low Temperatures
Tesu-pa
Canas Cucrunne Marepnasaa® - RCUUTIHNI *» i (%)
°u) (%2 MM}
1 2 3 N
AllY-1 Jurtolt B necranym bopMy, repMu- —4v 1y 1.0 .
weCKN  0GPAGOTIVHNR Bu PeHin- ~-70 2u 0.8 . .
5 ny 11 12 T s T e e
Adls Jntof 8 usenanyw dopuy, rep- —40 28 3.5
MBHCORY DL GOTAHHWR U pes -70 29 2.8
6 wumy 16 -196 33 2.5
AJI19® | .Incoft u uecvanyw -popuy, tep- -0 28 6.5
uuieckn o0padutansal oo pe- -4 a8 . 6,5
wavy T4
T | To xe, TepMnveci.ut + paGoranumn —40 30 5.0
no pewnuy TS 13 -0 30 5.0
AJ120 Jdurofl B pecHanymw Qopwy, Tep —&0 19 0.5
(Bt4A) MHaecKkN 00paGOTRHEMEA U0 Pe- -70 20 0.5
wany T7
JluToft h necnsny QopMy. OTOW~ -40 17 0.8
8 e nwh -70 1] 0.5
14
]
All21 Jntof B pecwanyl popMy, Tep. ~40 21,0 0.8
(B390) MRYECKA  oGpaCuTaHKRLR uo pe- -0 21.5% ¢.8
wumy T7 ) o
Q [ <Imrolt b necuany®o $opxy, oTOW- Y 20,0 0.8
HEHHNWN -70 1.0 0.8
14
BAM} JIntoft » necranyo PopMy, Tep- —40 268 2.0
nneclglps oOpaConuuua oo pe- -10 26 (%]
WM
10 Y
ALIPY .nnml 8 necnanyn dopmy, tep-| =40 [ )
un-m:nn 00paloTaMHNE T3 pee -70 22 $,2
wuMy T

*For heat—treatment regime see Heat treatment cf aluminum allo xg

1) Alloy; 2) state ot material; 3) test temperature (°C); 4). kg/mm®; 5)
AL3-1, 6Y ALY; 7) AL19; 8) AL20 (V14A); 9) AL21 (V300); 10).VAL1; 11)
ATsR1; 12) cast in sand mold, heat-treated under regime; 13) the same,
heat-treated under regime; 14) cast in sand mold, annealed. L

“1962




I-52a6
' TABLE 5
Physical Properties
Craan 1 (.,L.) ¥ 0100 (1°C) 1 (s e ranC) ;L(rm an’ u) . |
; 4 |
angl nm | g | s, | e
el I I Y
7 AJLS s.68 s'ti :é‘é:;zg"} ::‘t::z‘z:}q u.ouz«::;_
gafon |78 T o aas, '0»0‘“25” . {
i I I 2 |
10T, | T | wrETn |, | e g
S O Ol N 1 M ..
L 0l
1370 | R I T
A28 7,72 19 (20—100%) .38 (200 | 0.050 (23%)
1hoxacnH 20,8 (;0:800:> :-i: Q‘;‘_’"’ TRTIRF I
lﬁmﬁ,ﬂ}"fc) 2.08 a2 :f!:’r—%::ﬁ'; 0. 42 (300°)

1) Alloy; 2) g/cm3; 3) cal/cmesec.°C; ba ohm-mmz/h; 5) ALl; 6) AL3-1;
7) ALS; 8) ALIOV; 9) AL19; 10) AL20 (V14A); 11) Ar21 (VBOOS; 12) VALl;
13) ATsR1; 14) AL25 (ZhIS1; 15) AL26 (VKZhIS).

TABLE 6 |

Technologlcal Fropertles and Areas of Application

-=-.-§i' :::!; ﬁ"E
-~ - - VeXa
23?' .3 b ot 'ES?.?J.' ﬁ-§=5533§n:—§:§§
e | £ | Ep PameITEE WS | e | coapmme | Qs J6gef ide 8T ERES
njaan 5_5 8% lycanma (nzz: rpennu nOCTH HOCTH pesas 'I' al -'iag'&e e
S1EE || sy |cmnpen | faagtd ZEXIE3y
1l l:= :3- c (‘f) naull)é 7 8 9 a ;:—:gg:g g;%;".:
L -

v 26 31 4?5:3;'. =:>'g.=g'

Y AT 535 | 740 | 1,38 280. 27.5 | Mowwwewman | Yaosaserso- | Xope E .g,g.e 5!2.82
) pETeaLNIn & ac¥g jzg °C‘€"'3.
1k AT 330 | 130 [ r.as | a0 13 Cpeanan | Vaonzerso- | ¥avs Xl mmE-aty
a7 | S | Sl R
’ .re - Be . -
g min 3 Bl 53922 25 O n 28' ?_8 2 .?éx oy _‘:.5::::'. b-ﬁ_ﬁ:ﬁ_!ﬁi

. . R o Re= =~ N E, - 23 g - -~ an ke
iy el il
‘552555&5;3 5'2525555 ‘§:=§§=§:§:-§§:m=’g
MR R I S R LR

Bz _adgnmiz ?éﬁ;gg g:ig-.éggugghsgﬁr

- > @ A0 ; = - = E 3 2

a i3°%ss 3raigictd RPN P S

- @x0n f ERFIx«Sal £8 _.:.:...-g‘e =R $°

I HER HM R S EErsgican ogbleT3 .8
N 5§§‘§§§gg EE’-’?‘.;§°3°=:5§5§ 3§3
LT LN TR FEIR LM FEELE SRR P e
#*The linear shrinkage may amount to 2-2.5% in casting large compo-

nents in tube form.
*¥Corrosion protection
54 1ssued by the MAP.

' 1) Alloy; 2) melting point (°C); 3) casting temperature ;’c); 4) linear
shrinkage (%); 5) flowability at 700° (rod test) (mm); 6) tendency to-
ward hot cracking (ring width in rm); 7) hermeticity; 8) weldability;

9) cuttability; 10) tendency to adsorb gases; 11)-corrosion resistance
and corrosion protection of components; 12) recommended areas of prolonged
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application; 13) ALl; 14) AL3-1; 15; ALL; 16) AL5; 17) AL1OV; 18) AL19;

13-1\.1.20 V14A; 20) AL21 (vaoo%- 21) VALl; 22) ATsRl; 23) AL25 (ZhIS1);

2L) A126 (VKZhIS); 25) none; 26) low; 27) moderate; 28) good; 29) ele-

_vated; 30) high; 31) satisfactory; 32) low; 33) higher than for ALl al-

- loy; 34? pistons to operate at temperatures of up to 275°; 35) cylinder
heads and other components which must have elevated hermeticity and
sufficient strength at temperatures of up to 275°; 36) the same, for
_components which must function at temperatures of up to 225°; 37) the
same for components which must function at temperatures of up to 250°%;
38) pistons for tractor englnes, which must function at temperatures of
up to 200°; 39) high-stress componentc which will function at 20° and
other components which must operate at temperatures of up to 300°; 40)
components operating at up to 275° which must have high hermeticity;
41) pistons and jet-englne components which must function at up to
325°; 42) pistons and jet-englne components which must function at up
to 350°%; 42) heructic compuacnts of heatlig Systems and gas-flow oogu-
lators which must operate at up to 400°; 42) pistons and cylinder heads
‘which must function at up to 275°; 45) the same.
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Creep strength (shaded columns) and long-term strength (shaded and un-
shaded| columns) of alumlnum casting alloys heated at 300° for 100 hr.
The dotted portions of the columns represent the lncrease produced in
the long-term strength by the optimum chemical composition (arrows
‘pointing upward) or the decrease produced by modification (arrows -
pointing downward). 1) Long-term strength and creep strength, kg/mm<;
2} ALL; 3) ALS; 4) AL1OV; 5; ZhIS1 type (Lou-Eks); 6) AL3-1l; 7) ALl;

8 ALEQ %V14A§; 9) AL19; 10) AL21 (V300); 11) VALl; 12) ATsRl.

¢

|
It cpn}équently has a highef strength at room temperature than ATsRl.
i VALJ h s.thé highest hot strength of any aluminum casting alloy at
| 300°. ’owever, at higher temperatures ATsRl has a higher hot strength.
A1l the other indices (hermeticity, weldability, casting characteris-
" tics) of VALl are virtually the same as those of AL21. Its hermeticity
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1s higher than that of AL19, but lower than that of ATsRI.

It should be noted that the high-hot-stréngth'aluminum casting'al—
loys developed in the USSR (VALl and ATsRl) have substantially better
properties than the high~hot-strength aluminum alloys produced abroad.
For example, X140F, ML (similar to ALl, but containing Cr and Mn), and
RR-57 alloys are intended for operation at temperatures of up to 300- |
320°, whlle VALl can function for extended periods at'temperatures of
up to 350° ard has a 25% higher hot strength. The_Amer;can alloy SAM

‘has substantilally lower strength characteristics than ATsRl at tempera-

tures of 20-400°. It has been established thatithe majority of eutectlic
alloys and of those with high eutectic contents (35% or more) have a.
nigher hot strength when cast than when heat-treated. Moreover, alloys
of the sllumin type have a higher hot strength when unmodified than
when modified. '

Table 1 shows the minimum and Table 3 the typical mechanical pro-
perties of individually cast (in sand molds)‘specimens (d = 12 mm) of
hlgh~hot-strength aluminum casting alloys.

Tables 2 and 4 show the change in the mechanical properties of
these alloys as a functlon of test temperature.‘Table 5 shows thelir
physical properties and Table 6 thelr technologicai charaéteristics.
The figure presents éomparative data on the hot strength and creep

strength of these alloys at 300° (after 100 hr).

References: Bochvar, A.A., Metallovedeniye [Metélworking], 5th

edition, Moscow, 1956; Kolobnev, I.F., TermiChéskayaAobrabotka alyumin-

iyevykh splavov [Heat Treatment of Aluminum‘Alloyél,‘Moscow,,1961; Ko-

lobnev, I.F., Krymov, V.V., and Polyanskiy,‘A.P;, Spravochnik liteyshch~

ika. Fasonnoye lit'ye 1z alyuminiyevykh i magniyevykn splavov [Handbook

of Foundry Work. Dle Casting of Aluminum and Maénesium Alloys]), Moscow,
1965 o |
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1957; Kclobnev, I.F., Zharop:ochnost! alyuminlyevykh liteynykh splavov
[Hot Strength of Aluminum Casting Alloys], Moscow, 1963.

I.F. Kolobnev
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HIGH~-HOT-STRENGTH SHA?ING BRONZE ~ a bronze with high strength at

elevated temperatures, a property achleved by raising the melting point

(with hickel, which 1s infinitely soluble in ccpper) or by creation of

a highly‘dispersed phase mixture on quenching and annealing. In the lat-

ter‘pase the high-melting phases which precipitate (metals or interme-

T71 T T
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Flg. 1. Influence of
different elements on
the long-term hard-
ness of copper at >
800°. 1) HB, kg/mm<;
2) atom-%.

tallic compounds) hinder flow on loading at
high temperatures, blocking the grain bound-
aries,. Chromium, iron, and cobalt, whlch have
an ex;remely lbw solubility in solid copper,
and a whole series of intermetallic compounds
(CryzZr, N1;Al, CoBe, NiBe, N1,51, etc.), which
form pseudoblnary alloys with copper,have

this type of effect (Fig. 1). Of the Structur-

al shaping bronzes alloys containing copper,

no
N
o N
el G 4 1o §
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'Y 3
- :
§ ss‘ N
o8 3 AboAMN 1024
s n ‘
33 [ IHS
1y
1 : 5000 100
) | l 7
rs 15 0 [ ]

2 peme audvpuve 2o 41971500 .00m

Fig. 2, Hardness of high-hot-strength shaping bronzes at 450° as a
functlon of holding time in comparison with BrOF10-1 bronze. 1) HB,

' kg/mn’; 2) loading time, min; 3) BrkN1-3; 4) BrAZhN10-4-4; 5) EV; 6)

BrAZh9-4; 7) BrOF10-1.
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" TABLE 1
Content of Principal Elements in High-

‘Hot-Strength Shaping Bronzes with High
Thermal and Electrical Conductivity

Coaas - | Cr (%) Ap. yyenms 3 Four, v
I} Kaasncsan 13
Gpowsa . - . - 8.9-1.2Cd | FOCT £134—48
BpX0,5 . 5. 0,4—~0,8 - I RMTY 209498
6llubh ] 0,2-0,4 . 0,2+0.35 €d | Chen. texnny. zeanaui
v 85%;‘ '. T . ob“l::?)'tzss 3%:::5'2 5: . . . 15
9. .9 ... 0.5—0.8 0:‘—0:2 n | » > .
Mis % 30| 0.4-0,7 0.1=0.28 Mg | » . >
mis 1l .. - 0,1—0.2 Mz IS > »
0.9—1.1 NI
9,15-0.25 Be
MUZ. . ... - 0,13-0.3 wg | » » »
12 1.5=1.7 Ni
1) Alloy; 2) other elements; 3; GOST, TU; 4) cadmiun bronze; 5) BrKhO.5;
6) MTs5B; 7) MTsSA; 8) MTs5; 9) EV; 10) MTs4; 11) MTs3; 12) MTs2; 13)
GOST 4134-48; 14) TsMTU 3299-53; 15) special technical specifications.

TABLE 2 |

Physical and Mechanical Propertles of High-Hot-
Strength Shaping Bronzes with High Thermal and
Electrical Conductivity '

JneKTpos 6 Dant. teepaccry | -
nposol~ J crabmaxaupos. ’T Hamr. npouitocts
Hoct Tewn-pa ngcge cuntana (xs sm?) npu: npm 50u*
% OF npn 20° wenme | Tepuma. ¥
. Coms Brosan, |(: st u) Tapn Spa- 8 {pe.\m 20
T ] paapy-
JocTh ( h) oty | 400° | 500% | 6000 | vy Tusy | Biewun
1 ~ Mean) 3 5 (sacw)
10 Kanunenan . . X '
Gponss . .| 85-900 0,0219 350 110—120 30 18 8 — -
11 6pX0.5 .| BO—85 90,0219 — 110—-1386 54 42 20 1 108
12MU5B ..} 87-80 0.06219 38 8595 32 28 19 - -
13 MIISA . .| B85-87 - 510 95-~100 40 35 28 - -
14 M5 ., ] 8D—B) — 520 110--1290 L1 52 - | S 140
ISMUL ., .} 75~78 0.0230 510 110—~130 58 50 27 9 189
18 BEpt 85 9,0300 550 { 150—180 - 119 40 - -
uug oo ss=so - 550 | 180—180) 148 | 100 | &8 1 190
"% Mi2 ... <4550 0,038 5490 1du—170 1é 1001 32 12 145
OB .o .. 75-80 — 440 10u~f10}1- §0 “32 : lo_ [ 154

1) Alloy; 2) electr%cal conductivity (% of conductivity of pure copper);
3) p at 20° (ohmemm©/m); 4) test temperature (°C); 5) HB after heat
?)

treatment (kg/hme); 6) long-term hardness of stabilized alloy (kg/mm

at; 7) long-term strength at 500°; 8) o (kg/mm2); 9) time to fracture
(hr); 10) cadmium bronze; 1l1) BrkKhO.5; 12) MTs5B; 13) MTs5A; 14) MTs5;
15) MTsl4; 16) VBrl; 17) MTs3; 18) MTs2; 19) EV.

nickel, and aluminum have high hot strengths; these include kunials

containing 6 and 13% N1 (MNA6-1.5 and MNA13-3), the silicon-nickel

bronze BrKN1-3 (see Silicon bronze), which is strengthened by precipi-
| 1968




1-38b2

TABLE 3

Technological Pressing Regimes for High-Hot-
Strength Shaping 3ionzes with High Thermal and
Electrical Conductivity

A~ TeMmnepnrypa %) 5 lanasxs % Omyen
Cnaa : :
‘l 3 asaamnkn kOB reun-pa (°C) | PN X.rm- oy | BDEMH VarDEe
Pa ) { Vo (vacisy | NP8 (°C) | Taa (wacw)
9 Rs:xnlvu:m . . , '
ponas IS0~y 780761 TRO—TAI - —
10 BpX0.5 12001250 Hin—=Ton UP!O—-;UI;() " g l::.’;iv":a“. ns 50 570%
11 M11Y t1do—{1170 93ig=Tiino I0g—1 020 1.0=1.5 470490 1
12 MIl4 11401200 guN--a50 funn =102 RS 470-480 o
13 Bipi tHen -ti6n 950—700 Phn—04n 0,510 A0—300 4
14 w3 11a0—=1220 | 90U~H50) 900~450 | f.u--1.8 340~520 s
Mil2 11804220 FONE Y] 850—=8u9 | 1.0-f.5 $10—~520 H

1) Alloy; 2) temperature (°c); 3) casting' 4) forging; 5) quenching; 6)
temperature (°C); 7) heating time (hp); 5 annealing;-9§ ~admium
bronze; 10) BrknhO.5; 11) MTs5; 12) M s4; 13) VBrl; 14) MT.3; 15) MTs2;
16) cold working to 50-70%. o L

TABLE 4 :

Physical and Mechanlcal Properties of Certaln
High-Hot-Strength Shaplng Bronzes in Ccmparison
with Collector Copper ‘

Mem € Kazwweran I Xpouncran b | Mmorownuno.
Caoficrpa HOINEKTIOPHAR Gpoxaa narape P NENTREN
1 Tnepaan TOMRRMAR ’”"'." BpX 0.3 Oponse YRp ¢
6 Y(aem®) .. 8.0 8.9 8.9 - 8.9
+ (om-aa?® x; ppw 20% . T, 0.0179 0.0219 0.0219 €.0300
8 Tewneparypam noedd, . - B
§JEKTP OCCNPOTRBACNRA
20-300") . .. . . ... .02 0,003 0.002% -
A (maaica-cox-°C; upu 20°) . . 0,20 . 0.32 0.80 . 0.680
O E(mojmmt) . . gm. . 11200 12000 . . 12000 2800
INT T U 10...... 27 50 T80 8
Oy (wopum?®) . ... - 40 40 40
%) e ¢ 1.8 11 20
HB (xsimm® . . .. .. ... 75 110 i10 180

1; Prorerty; 2) solid collector copper; 3) cold-worked cadmium bronze;
4) Brkno.5 chromium bronze; 5) VBrl multlicomponent bronze; 6) v (g/bm3)

7) ¢ (ohm-mmz/m, at 20°); 8) temperature coefficient of elegtrical con-
duectivity (20-100°); 9) A(cal/cmesece®C, at 20°); 10) kg/mm<,

tation of nickel silicides (Niasi), aﬁd the aluminum bronze. BrAZhN10-4-
4, which contains 4% Fe and 4% Ni (Fig.ﬁz);iﬁluminuh bronzes containing
iron and manganese (BrAZh9-4 and BrAZhMtéiQf3—l.5) and sllicon-mangan—
ese bonds (BrKMts3-1) have lower hot strghgthsf The high-hot-strength
snaping bronzes include a special grouéiof élloys which combine an
elevated recrystallization temperature Qith high thérmal and electrical
conductivity. This combination cfptopertigs';ilp?ovided by a minimal
01969 .
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alloying—element content in the'copper'solid solution,:ﬁhich raises the
thermal and electrical conductivity of the alloy. Moreover, the heat-
resistant constituents which precipitate froin the solid solution during
tempering reinforce the grain boundaries. These alloys include the

chromium»bronze BrkKho0.5 and chromiun-zirconium (MTsS, MTsSA), chromium-

"~ cadmium (MTsSB), chromiun—zinc (EV), and other bronzes (Table 1) con—’ o

talning very small quantities of other components (hi, Be, Al Mg, Si,
etc. ). Alloys with high thermal and electrical conductivity usually
contain no less than 98.5-99.0% Cu, the total alloying-element content
not exceeding 1-1.5%. The properties of these alloys and their produc-
tion and'processing regimes are cshown in Tables 24, High-hot-strength
shaping bronzes are widely used for welder electrodes, the commutators
of electric motors, and other components which must function at ele—
vated temperatures. Cadmium bronze, anﬂallcyioﬁwcopper with~0.9—1.2%
cadmium, 1is an exceptlon; quenching and annealing_have'no material ef=

fect on this alloy and increased hardness can be obtained only by cold

working.

References: Zakharov, M.V., DAN SSSR [Proceedings of the Academy
of Sciences USSR],A Vol. 65, No. 3, Ibid, in book: Issledovaniye spla-
vov tsvetnykh metallov [Investigation of Alloys of Nonferrous Metals],
CollectiOn 1, Moscow, 1955; Ibid Metallovedeniye'i obrabotka metallov
[Metalworking and Processing of Metals], 1956, No.. 5,_Ibid Sb. nauch.
tr. Mosk in—ta tsvetn., met. 1 zolota [Collection of Scientific WOrks

of the Moscow Institute of Nonferrous Metals and Gold], 1955, No. 25.

0.Ye. Kestner
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HIGH-HOT-STRENGTH SPRING STEEL — steel used in the manufacture of
springs and elastic sensing elements intended to operate a; high temper-
atures. Such steel should have a high elastic (propdrtional) limit ard
durability, sufficient viscosity and plasticity, and high resistance to
Relaxation (attenuation) of stresses. Table 1 shows the cheﬁlcal compo-
sition of high-hot-strength spring steel. Steel of this type 1s pro-
duced in strips 0.05-3.0 mm thick and in wire 0.1-14 mm in diameter.

Tart/oel a

-t
o
B

Fig. 1. Proportional 1imit of types 70 (class IIA), SOKhFA, and 65S2VA
steel on torsion as a function of temperature: 1) 70 (class IIA) steel
(d = 2 mm); tempering at 280°; 2) S50KhFA steel; quenching from 850° in
oll, tempering at MOOE; 3) 65S2VA steel; quenching from 850°, temper-
ing at 450°. a) kg/mm“; b) temperature, °C.

The high-hot-strength spring sﬁeels whose mechanical characterics-
tics are shown in Table 2 are used in the manufacture of flat springs
for'bbiler and pipe fabrication. High-hot-strength spring steels of the
perlitic, martensitlc, and transition classes (for wbrking temperatures
above L4L00°) are employed in other branches of industry; the mechanical
characteristics and heat-treatment regimes of thesé steels are shown in

Table 3.
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Fig. 2. Relaxation resistance of SOKhFA and 65S2VA steels over 100 hr
éinitial stress E, = 56 kg/mm for SOKhFA steel and E. = 67 kg/mm2 for
5S82VA steel) as g function of tempering temperature”at various relax-

ation temperatures: a) S50KhFA steel; b) 65S52VA steel. 1) kg/mm?; 2)
tempering temperature, °C. ‘

TABLE 1
Chemical Composition of High-Hot-Strength Steels

L g Dol AT,

" - ~0.75
. 1 ‘ aenme na p033yXE T l ‘ 100 ‘ ‘
Craas . " 0. ‘
134910 | 3ansans c 1080° na souayve, | »an|  ~7700 4 20 ,,}.:,,
CH-2,91904)] maraprosra ma 3 -8u% . 20| ~0.93
; : crepenne aApm  A50-—4nn Inn|  ~0.8R
870 (xrace HMA) ¢ v s e e v s v » rewenwe | wac., oxaamqe- 400 -~0.7%
TOXDA .ttt .. uwe na so3nyxe i
.g%‘r%l;a ............ !
............. 2 -~1,0
P HISXTIO | daxaaws ¢ 9209507 8 nene, >:!1780°~8°°° GOl Thek
702) . araprosxa  Ha —=80%., i -, 00
103XI3OMD . . ..., ORTO2) . e pn 650 -870% =t
PpEXIIOE L L., » Tewenme 2 NAC., ORAANC 100 -0.77
12 1 XISH2BM® (OH961) . ... . ARE A 80IIYRE {
' : . - 20 1.0
SR QU CH-2) . g 12273MP| Duwaana ¢ 11300 ma nuayre| 35—43 | 7100-76001 20} -0 Lo
1S0XITHIFT (altate)’ 00 T o B e (qapenme sco 0179082
1636HXTIO (HIBXTIO, DIiT03,” . DWAIEMH | w30, T0n e s Treaenme | , gn010.13-9.21
1738HXTIOM (H38XTIOMS, of :,::e.. OBAAMACUNE NA B ¥ 300l ¢ es—0 71
ISHIEXTIOMA (OT182) . .. . .. 20 ‘.0
19 X12H22TIMP (31133, DHEICM) XHASHTIO | daxanma ¢ “?. .'.'.',:‘,’.32::: — |r000-1000} 20 oatd 0
' ou7 ? nag 8 sope. ' H 30,4
20 XHISBTIO (OMT8T) ...... ©OuIsn | maw 150 e S0 3:;‘._0,"
2IXHISRT (ON842) . . ... .. 700+ 20°. 8 Tesenme 5 wac., 7v0|0.87-0.73
23 4O0KXHM (KOHXM) . . ... . QLEANGONEG NA BOIAYRE
23 MAHXTIO (H4IXT)

""" *G —wouyas cIaMra Npu Tewn-pe ';m‘:::nﬁl’;n:::‘?,::“?::;‘ apywan onar

Lina) 088 Paeta parsNCARSS NARPANEUEE DPE PaCOTEd TEME-DS.

1) Steel; 2) content of elements (%); 3) no more than; 4) other ele-
ments; 5) GOST or TU; 6) 70 (class IIA); 7) 5OKHFA; 8) 65S2VA; 9) EI723;
10) 3Kh13 (Ezh3); 11} 4Kkn13 (E2n4); 12§ Ikh12NoVMF (EI961); 13)

- Knl5N9Yu (EIQO4, SN-2); 14) OKhl7N7GT (EI814); 15) OKhl7N13GT (EI1816);

. 16% 36NKhTYu (N36KhTYu, EI702); 17) 36NKhTYuM (N36KhTYuMS, EP51); 18
N36KhTYuM8 (EP52); 19) Kh12N22T3MR (EP33, EI696M); 20) KhN3SVTYu
$E1787)' 213)KhN35VT (EI 612); 22) HOKKhNM (KL4ONKhM); 23) LUNKhTYu

2

N43KhT5; GOST; 25) Spravochnik po svoystvam staley, primenyayemykh
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v kotlotrubostroy~snii [Handbock of Characteristics of Steels Used in
Boiler and Pipe Fabrication], Moscow, 1958; 26) the same; 27) ChMTU/
/TsNIIChM; 285 design standard; 29) ChMTU.

TABLE 2

Mechanical Characteristics of High-Strength Spring
Steels for Flat Springs used in Boiler and Pipe Fab-

rication
f AL INTE LY ] $ Ormyen 1o
~ g o | g | @ v Eloae |52
4 © €- i £
L N xd (e |8 |u0 5
[ &) -_—
. H o] & (% |87 % -1
H - fu ] v €x (2] 2m?) % » FE
s i) B = ;%) 3= ~ =3
o Lo sd AN+ 1 F 5]
Ly 200 o8 | e | 13 43 {21700 1435 430
14X1Y] 1030—1030 !Mmm 3330 | 100 ol s H '8 |iasen| o
12 P18 | Crynenvaruf Ro3ayx! Tpets
narpes 10 Kparuuf
560 1] 201 - - - - | 23300 596t
720 +AS0+1280 560 t[an0]| ~ - ~ 20800 < 470
'™ ) 2(%0) - - - - [20000] -
130H723| 17 Depnan Rovayy 20 - e ' o1 |22100 ‘
10301050 z’r‘ 050-880] 6 |45, ¢y P I 18 | 1830 = Tsso
18 Rropas — 0 we l
930970 2
14311613 1180 Boas [*%1lays-
22 xparnuft
780 18—10] 20 | 44—53! 8087 1R_30 3030 zoznni 22 igep
7% | 23 aso n’;u‘s:-'-:s "':'z'" |sﬁu 18400 5 !
1500768 1150 |Macao| 800 | 20 | (30 &1 l h l W H| S|

Steel; 2) quenching; 3) temperature (°C); 4) cooling medium; 5) tem-
pering, é temgerature (°C); 7§ rolding time (hr); 8) test temperature
(°c); 9 10) maximum working temperature (°C); 11) L4Khl3; 12)

318 13 EI723 1u) 31612, 15) EI765; 12? step-wise heating; 17) first;
é )biecond, 195 oil; 20) air, 21) the same; 22) water; 23) triple; 24)
ouble

T Tor f-v“/"’,
T T

“ =5

.

-

o0 o0 30T
2 Tommopaenre.
Fig. 3. Mechanical characteristics of 3Khl3 steel under torsion as a
function_of temperature. Quenching from 1050' in oil, tempering at b50‘
1) kg/mm?; 2) temperature, °C.
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TABLE 3

Mechanical Characteristics of High-Hot-Strength Steel _
for Cylindrical Helical Springs Used in Machine Build- «

ing

s ) 5
1 ] 3 by g‘; -
1 2% o] %z
Craas Tepmus, ofipalieria = =z . ] ? <
. s s ol & a2 EE
O ~ I3 Y Ra (34
[ (<] -3 - - az
. 670 (rasce LIAY Otnyer npw 250- 220", an- | 4650 | 7700 ~s0unt 01 .,,,zTu,,,,J,,«_ in the
RO A | WAC., UXNANICHEE e o, 9% @ 9 28
HA dU LIYRE, LRI R T I 11
7 QOGEH U Y
T SUXWA dananka ¢ R50° » Macae, or-| 24N {2000 -R2g0 1 20 1.4 7580} o 260
E CnyeN npH JT0-470° K- oo 0,9 -0 98} A2
: ACMHY W Tedenwe | waca, 1t 6 Wg.n N8 8]0
ORADLICHEE B TOPANCR BO- POGE IR R (1 Y sn
ne, Macac, ha »o1xyxe 20 w7=n, 04 -
18 JO0 O N2—0 ny -
8 §5¢2BA Janaaxa ¢ 850° w macae, or- | 44--50¢ | 7600 -7R50 | U0 1.0 B80--851 No 251
nyck upm 4505607, Jui- 000,960 981 - 713
Aepwxa we menee | waca, 150-0,93--0,26 12
OXBANCICHEE HA BOIAYXE 200 | 0, 90—0,9% 10
. 250 1 0,870,919 [ 1]
19 300)0,82—0,8n8 -
* L IX13 3andinka ¢ 1000—1050°| 44—-50] 7600~8000| 20 1,0 $n oo a0
LT B Macae, orinycx npwr §U-—- tgf{0,98--0,97 49
450° B Tewenne t waca, ox- 2000 0,90—-0,99] A7
AAMACHRC WA BOITYXE JGut 0,v2-0,90 45
20 400}10,78—0,n6 -
10§ X 12H2BMQ® | Sanaaxs ¢ $1000--1020° » 40--45| 7600-7800] 20 1.0 82
(IN961) Machae, ornyck npa 500+ 10* 100]0,96~-0,97 59
T S _ B TEeSCHMe | wACa, OXJamies . }200la,91—-0,03] 38 [
- - o HEe Ha poaayxe 300]|0,86—0,90 52
- - A50 [ O At -0, AN S0
1 40010,77-0.86 -
11 9ds1e Jananxac 950—1050° s pone, | 48 75008200 { 20 t.0 - Ilo 200
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crapeHme  Opm 450470 200 -~0,92 (1]
B revenne 2--4 wan., oxaax- 300 -0,87 50
ACHNE HA BOITYXE 400 ~0,80 —
. 22
.12 L OMBts Jaxaaks ¢ 950-1000° 5 o >46 ~8100 20 1,0 - Jdo 300
. o - D€, MATAPTOBKA HA 35509, 1en ~0,98 -
‘cTapenme npm A50--480° Supy -~0,95 (D]
B Tenenne | —3 wAC., OXTAKe. 10 -0, 88 56
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crapenne Opw S50 —knpe 204 ~{,93 80
» Tedenue 1 wac., ox’amie- 300 -~0,88 50
HEe Ha BOIAYXE 400 -~0,7% -
4
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9 : na 20 nam e, CTapenue s 190, .
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Ryze ’ 70010,88-0,71] 22°
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. . Jaxanxa ¢ 1150° na mosgyxe - 70007800 ‘gg ° "l.% . gg 400800
. ‘ WIN 8 BOne, HArapTUAKa .88-0,
L h&:;:;l;?u na  J0%, crapesme mpm 500]0,83—0,84 45
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*Gm is the shear modulus at the test temperature and
G20 is the shear modulus at 20°.

##The maximum permissible working stresses (Tdo ) are

given for compression (static loading) of cylindrical
helical springs, without taking into account the re-
laxation of stresses at the working temperature.

e
1) Steel; 2) heat treatment; 3) kg/mm“; U4) test temperature (°C); 5)
working temperature (°C); 6) 70 (class IIA); 7) 50XhFA; 8) 6552VA; 9)
3Kh13; 10) 1Khl2N2VMF (EI961); 11) EI816; 12) EI814; 13) KhisN9Yu
(SN-2, EIQ04); 17) tempering at 250-320°, holding for 1 hr, cooling in
air; 18) quenching from 850° in oi1l, tempering at 370-470°, holding for
1 hr, cooling in hot water, oil, or air; 19) quenching from 850° in
oil, tempering at 450-540° in oil, tempering at 400-450° for 1 hr,
cooling in air; 20) quenching from 1000-1050° in oil, tempering at 400~
500° for 1 hr, cooling in air; 21) quenching from 1000-1020° in oil,
tempe ing at 500 %2 10° for 1 hr, cooling in air; 22) quenching from
950-1050° 1in water, cold-working to 80-85%; aging at 450-470° for 2-4
hr, cooling in air; 23) quenching from 950-1000° in water, cold-working
to 35-50%, aging at 450-480°, for 1-3 hr, cooling in air; 24) quenching
from 1050° in air, cold-working to 50-60%, aging at h50-580° for 1 hr,
cooling in air; 25) quenching from 920-950° in water, cold-working to

- 50-60%, aging at 650-670° for 2 hr, cooling in air; 26) quenching from

1130° in alr or water, co>ld-working to 20 or 40%, aglng at 700 % 20°
for 5 hr, cooling in air; 27) quenching from 1150° in air or water,

cg%d-working 20%, aging at 700 + 20° for 5 hours, cooling in air;
2 up to. ,

i

1975 . B
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Jso 450 300 $s0
2 Tommapanyps sowycae, °C

Fig. 4. Relaxation rate of 3Khl3 steel over 300 hr at 350° (initial

stress T9.= 55 kg/mmz) as a function of tempering temperature. Quench-
- ing from~1050° 1in oil, tempering for 1 hr. 1) kg/mm<; 2) tempering
‘temperature, °C.
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Fig. 5. Mechanical characteristics of 1Kh12N2VMF (EI961) steel under
! torsion as a function of tegperature. Quenching from 1000-1020° in oill,
{ tempering at 500°. 1) kg/mm<; 2) temperature, °C.
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Fig. 6. Mechanical characteristics of EI816, EI814, and Khl5N9Yu (SN-2)

~ steels as a function of temperature: a) EI816 steel; quenching from
1000-1050° in water, cold-working to 75%, aging at 450°; b) EI814 steel;
quenching from 1000-1050° in water, cold-working to 35-50%, aging at
470°; c% Kh15N9Yu (SN-2) steel; quenchigg from 1050° in air, cold-work-
ing to 6C%, agling at 450-480°. 1) kg/mm®; 2) temperature, °C.
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B Tommapamyps wemempwes, °C

Fig. 7. Mechanical characteristics of N36KhTYu and N36KhTYuM alloys as
a function of temperature: a) 1 — N36KhTYu, 2 — N36KhTYuMS, 3 -
N36KhTYuM8; quenching from 1150°, aging at 650-700°; b) N36KhTYu;
quenching from 970° in water; 1 — cold-working to 35%, 2 — cold-working
to 70%; aging at 650°. A) kg/mm?; B) test temperature, °C.

g sajun’ &

i b'a_-m-m wcnsnennt
Fig. 8. Ultimate strength and modulus of elasticity of K4ONKhM alloy
as a function of temperature: 1) Cold-working to 30%; 2) cold-working

to 50%; 3) cold-working to 70%. Aging at 500°. a) kg/mm?; b) test tem-
perature, °C.

Figures 1-8 show the changeiin the mechanical characteristics of

certalin high-hot-strength spring steels as the ambient temperature

rises and as a function of tempering temperature (the technical limit

pts is defined as the stress corresponding to an
increase of 50% 1n the slope of the torsion curve in comparison with
its linear segment). ‘

Wire of EI696M steel cold-worked to 40% 1s recommended for the
manufacture of springs to operate aﬁ;temperatures of up to 5505, while
wire of this type‘cold-worked to 20% is recommended for working temper-
atures above 550°. Type EI69YEM steelldoes not provide complete stabili-
zation at temperatures above 600°; 6n loading for 300 hr it undergoes
relaxation by u%'at 650° and 11% at 700°. The stabilization regime for

1977
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each individual type of standardized spring has nowxbeen established
experimentelly Electropolishing 1s employed to increase the corrosion
resistance of high-hot-strength spring steels of the martenaitic and

transition classes containing less *han 18% chromium. Spring fabrica-

‘ted from SOKhFA and 65S2VA steel are cadmium-plated for the same pur-

__pose. The temperature to which the springs are heated should‘not exceeo

,‘1;7‘;

the melting temperature of the plating (cadmium melts at 321°). Brit-
tle fracture rea ily occurs if this condi;ion is not obsefved. In order
to protect springs fabricated from EI6O6M steel against gaseous corro-
sion they must be plated with a 10-15 u layer of nickel_mette immediate-
ly after winding. High-carbon cpring wire cannot be subjected to super-
ficlal degreasing, since this reduces the relaxation resistance of nhigh.
hot-strength spring steel A

Steel of thils type is used in the manufacture of elastic elements,

?1nc1uding various kindo of springs membranes, and spring components.

‘References:-Gintsburg, Ya.S., Relaksatslya naprye;heniy v metal-
lakh [Relaxatlon of Stresses 1nAMetals], Moscow-Leningrad, 1957; Vol- |
kova, T.I., 1in collection: Veoprosy metallovedeniya kotlotrufinnykh ma-
terialov [Problems of the Metalworking of Boller and Pioe Materials], |
Moscow, 1955;(TsNIITMash [Central Scientific Research Inetitute of -
Technology and Machine Building], Book 71); Idem, Metellovedeniyeﬂi*ob-
rabotka metallov [Metallography and Metalworking], 1958, No. 6; Selyavo,

A.L., ZL, 196, Vol. 26, No. 2; Selyavo, A.L. et al., Metallovedeniye i
termicheskaya obrabotka metallov [Metalworking and_Heet Tfeétment of
Metals], 1961, No. 11; Sol'ts, V.A., in book: Spravochnik po mashino-
stroitel'nym materialam’[Handbook of Maehine-Building Materials], Vol.

1, Moscow, 1959; Idem, in collectlon: Perspektlvy razvitiye;uprugikh

chuvstvitel'nykh elementov [ Prospects for the Development of(Elastic
Sensing Elements], Moscow, 1961; Shpitsberg, A.L., in collection: Elek-
' 1978 '




III-121p8

tropromyshlennost' 1 priborostroyeniye [The Electrical Indﬁstry and
Instrument Building], No. 21, Moscow, 1960.

A.L. Selyavo
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HIGH—HOT—STRENGTH STEEL — see High-hot-strength stalinless shaping

stéel, High-hot-gtrength stainless casting steel, High-hot-ctrength

structural shaping steel, and High-hot-strength structural casting

‘ Steel.
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HIGH-HOT-STRENGT!. STRUCTURAL CASTING STEEL - élloy steel for cast
. machine components to operate at elevated temperatures (up to 550-600°).
Fof_a description of steels which will ensure components'functioning at

higher temperatures see the article entitled High—hot-stréngth staln-

legss casting steel. The high-temperature strength and_greép resistance‘
of these steels 18 increased by additions of Mo, Cr;'w,}and V. The most
widely employed high—ﬁot—strengtﬁ structural castingvgteels are 20ML,
25ML, 20KhML, 30KhML and Kh5ML; type Kh6N2MVF is used in the manufacture
. of aircrart-engine components. Table 1 shows the chemical composition
4of these flelds.

TABLE 1

Chemical Composition of High-hot-Strength Structural
Casting Steels - _

Xuumwerxknd cocras (%) n
Craz» S l P n
c 8 Mo | -2 B Mo YT
1l ne Boaee 3 Aements
1
20MI ., 5 L. b o5~ 0.20—-] 0.5— | 0,04 [ 0.04 - [«0.3 [0,4~ -
0.25 0,45 0.8 V.8
25M1 .6 ... | v.20—] 0.20—) 0.3~ 0.0 |0.04 f<03] ~ Jou—~ | 0.1Cu
0.30 0,40 0.8 .8 0.3Ce
20XMA L. . ... 0.15~! 0.47—| 0.5— [ 0,04 | 0,04 [ 0.4~ ]1<0.3 [0.4~ -
7 1 025 | 037 | o.a 0.7 0.6
20XMOT .. 8. .. | 0,18~ 0.20~] 0.4~ | 0,03 ] 0.03 |0.9-]<0.3 [0.8~ 0,2~
0,25 0.3% 0.6 1.2 0.7 . 0.3V
JOXMIT ... Q... | 0.25-1<n.8 0.4— | 0.05 | 0.05]0.9—{<0,8 [0.15~ -~
0.3% 0.7 1.1 0.25°
xsMa ... . 0.15—] 0.35—~| 0.4~ | 0,045] 0. 040} 4.0~} 0.5 |0, ,45— -
0.30 0.70 0,8 8.5 0,8%
XEH2MB® . ). . | 0.t8—] 0.15—1 0,15—] D 045 0,043 6.3—1 1.5~} 0.43~10,A~1,3V
. 0.28 0.60 0.80 8.3 2.3 [0.90 [0, 9-t4W

1) Etee%; S%Mgpe2§égémcomp§sitlon (%&5 3) no more thah; 4) other ele-
ments; H L; 7) 20KhML; 20KhMFL; 9) 30KhML; 10) KhSML;
11)  Kh6N2MVF. ’ )3 v ) Knsi

Prolonged exposure to elevated temperatures (above 400°) causes
. hot shortness (a decrease in viscosity) in steels of the ﬁerlite.class.
.Chromium-nickel and copper steels are also subject to hot shortness.

1981
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TABLE 2

-f_ﬂf D , " Minimum Mechanical Characteristics

of High-Hot-Strength Structural
Casting Stcels
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1) ;teel; 2) heat treatment of control specimens; 3) kg/hme- 4) kg-m/
/eme; 5) 20ML; 6) 25ML; 7) ZOKhML;8) 20KhMFL; 9) 30KhML; 10) KhsML; 11)
Kh6N2MVF; 12) normalization and tempering; 13) normalization at 900-
920° and tempering at 650-670°; 14) normalization at 880-900° and tem-
pering at 600-650°; 15) normalization at 930° and tempering at 700°;

- 16) the same; 17) quenching from 1C50° and tempering at 720°.
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Fig. 1. Mechanical characteristics of 2CKhML steel (solid line) and
20KhMFL steel (dash line) at elevated temperatures. 1) kg/mm2; 2) kg-
m/cm€; 3) temperature, °C. : :
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. Flg. 2. Long-term strength of 20K L steel over 100,000 hr (solid line)
..and creep strength (dash line) of same steel over 100,000 hr at eleva=-

ted temperatures in the presence of 1% residual deformation. 1) kg/hme;
-2) temperature, °C.

Chromium—molybdenum; chrom!um-molybdenum-vanadium, and chromium-moiyb-
denum—tungsten—vanadium steels have a high resistance to hot shortness.

1982
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Fig. 3. Long-term strength of 20KhMFL steel over 100,000 hr (solid line)
and creep strength (dash line) of same steel in the presence of residu=-
al deformation %1% over 100,000 hr) at elevated temperatures. 1) kg/mm?;
2) temperature, °C.

The majority of high-hot-strength structural casting steels are used
with a perlitic or sorbitlc structure after annealing or normalization
and high tempering. The mechanical characteristics of these alloys are
shown in Table 2. |

The mechanical characteristics of castings are checked on specimens
cut from separately cast test bars, which are heat-treated together
-with'the.castings. Figures 1-3 show the mechanical characteristics at
elevated temperatures, creep strength, and long-term strength over
100,000 hr for 20KhML and 20KnMFL steels. Figure 4 shows the mechanical
characteristics of KhSML steel as a functlion of tempering temperature.
The mechanlcal characteristics of this stcel at low temperatures are
shown in Fig. 5. Filgure 6 represents the mechanical characteristics of
Kh6N2MVF steel at elevated temperatures. The long-term strength of this
steel over 100 hr at 600° amounts to 16 kg/hmz.

Bt A-dsso »

1 i -
0" ©00% 8%
".wé-w - :soér'%’
T 300 & 8 3
“Ja'r P+ :;c!s"
2 : 200 o
0 mpdrat il LI Ny ;3
0 i e

2 Teanspomyss omrycne. °C

Fig. 4. Mechanical characteristics of KhoML steel as a factor of tem-
pering temperature (quenching in o1l from 875°). 1) kg/mm<; 2) temper—
ing temperature, °C; 3) kg-m/cm2.
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Flg. 5. Mechanlcal characteristics of KhSML steel at.low températures
after qusnching and temperingc at 550° (so&id line) and 650° (dash 1line).
1) kg/mm<; 2) temperature, °C; 3) kg-m/cme. _ M : -

1
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4 ‘ — N—110000%
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; & o— Yt 5000 ¥
' promen] -
i . -
: * 20t= 3 <1 N\J1000
1 e

-

100 206 300 400 500 600 700
2 Temnspomype*C :

Fig. 6. Mechanical characteristics of Kh6NZMVF steel at elevated,tem-
peratures (quenching from 1050° and tempering at 720°). 1) kg/mm€; 2)
temperature, °C. o

The physlcal characteristics of 20KhMFL steel incluge:»y = 7.8,
@108 (1/°C) = 11.0 (25-100°), 11.9 (25-200°), 12.9 (25-306‘), 13.1
(25-400°), 13.5 (25-500°), 13.8 (25-600°), and 14.1 (25—700°),' and
A(cal/cme.sec.°C) = 0.117 (ioo°), 0.102 (200°), 0.088 (3oo°),' 0.075 -
(400°), 0.066 (500°), 0.060 (600°). Its critical points a}e:Aci = 777°,
Ac3 = 868°, Arl = 683°, Ar3 = 800°. The_physical'charactébistics éf
Kh6N2MVF steel include: vy = 7.88 and a-106 (1/°C) = 11.1 (20-106°),
11.9 (100-200°), 12.7 (200-300°), 12.7 (300-400°), and 1'3.‘.1; (l;bd;soo°).

Steels of this type are used in boller and pipe raﬁriéétion.for
steam-turbine component:s (.alve housinge, cylinders), boiler 1n§télla-'
tions, and high-pressure (up tuv 100 ath) piping to operate étvtempera-
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tures of up to 500-550°, as well as in the shipbuilding industry for
naval-equipment componenté to oberate at temperatures of up to 500-550°
and in the petroleum industry for cracking-unit components and fittings
to operate at temperatures of up to 500-550° and pressures of up to

40 atm. Type Kh6N2MVF steel 1s used for gas-turbine housings to operate

at temperatures of no more than 700°,

References: Nekhendzi, Yu.A., Stal'noye 1lit'ye [Steel Casting],

Mbscow, 1948; Liberman, L.Ya., Peysikhis, M.I., Spravochnik po svoyst-
vam staley, primenyayemykh v‘kotiotrubostroyenii (Handbook of Charac-
teristics ~f Steels Used in Boller and Pipe Fabrication], 2nd Edition,
Moscow-Leningrad, 1958; Kershenbaum, Ya.M., Markhasin, E.L., Yaroshev-
. skly, F.M., Tekhnologlya proizvodstvo neftepromyslovogo oborudovaniya
[Production Technology of Petroleum-Refining Equipment], Moscow-Lenin-
grad, 1948; Steel Castings Handbook, Cleveland, 1950.

N.M. Turievich
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HIGH—HOT-STRENGTH STRUCTURAL SHAPING STEEL — steel used in the
manufacture of components to operate at tewperatures of up to 500-550°

for prolonged periods and up to 700° for brief periods.
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Fig. 1. Influence of tempering temperature on the mechanical charac-
teristics of 38KhA steel (quenched from 850° in oil). 1) kg/mm®; 2)
tempering temperature, °C; 3) kg-m/cme,
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Fig. 2. Mechanical characteristics of 23Kh2NVFA (EI659) steel after

quenching and tempering at various temperatures. 1) /hme; 2) temper—
ing temperature, °C; 3% kg-m/cm . S ,

The charaeteristics.pf this material include a.capecity to with-
etand working stresseg-fob prolonged periods, high fatigue strength,
satisfactory hot strength, and low snsceptibility to temper and themrmal
brittleness. They 1ncinde';teels of the perlite, martensite, austenite,
and transition (auStenite—martensite) classes. High-hot-strength struc-e
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Fig. 3. Mechanlcal characteristics of 4OKhNVA steel as a function of
tempering temperature (quenching rgom 850° in o1l). 1) kg/mm2; 2) tem-
pering temperature, °C; 3) kg-m/cm<,

TABLE 1

Chemical Composition of Perlitic High-Hot~Strength
Structural Shaping Steel

P Canrepwanse saemen:on (%)
Cram } > »
1 c LT} Ma o 7] w v Mo '-fETT:%EZ“’-
]
4—0.42 | 0,17-0,37 | 0,%0—-0.80 |n.a0—1,10[ «o.40 - - - O TR IO B TR T
HET b et IR b S R frein e R bRt R DI - - e B P
J0XICA . .. ! o
JOXICHA . <. 0.340,37 [ 0,90 20 [ 1 001,30 {n.90=~t.20(1,40=1.80 - - P R ‘ o
JoXMA .. Y. 0.25-0,33 ] 0.17=0 07 | 0,40<0,70 [0, 801 10 «0,40 - - 8 A8=8,2, ningn o0t
7 J0XaiA . . R, 0,270,351 0.17~0,37 | 0,3u—0.80 |2.80-3.2v ~0.%0 0,001,320 - - ] LU T
-~ 2 K X
9‘%:«’:&0 .. 0.16-0.24 <0.4 0.25-0.60 | 2.4-3.3 <0 3o 0.20-0.30 [ 0.60~08 83 [0.35~0 33| » N3N §,035
»

10-{;}121;'5,,‘ Lol 0,194 28 ) 0170 27 0'13_"':3 1.20-3,;2 ?.ua-n_:n :_(zm-,,:o .:::.. ;: - ::,:.m :.,:::n
A 0,270,384 | 0.47—0.37 | 0,309, 1.€60=2 0 AN 0 J2n~yp .0 ] 0. . - s R
1 gg;gmg:‘ 1 p 0.2;—-0.16 0.17'—4'.35 0. 300,60 |1 80-2 unlt 0= 80 ¢.20—1.80 0.18—8.28 [U.20~0 13| ¥ L0 [ 10
I“boxmu f‘j‘ ] 037044 | 0.47—0.37 1 0.40—0.80 [0.60—0.90]1.25—4.78| 0.80—1.20 - - M v uIn
1 "(}x";;r:n . 0.29--0,37 0.17—0.37 ] 0,300,080 [0.80—1.10[2.50-3.¢ - - 0, 20=9 3N 8,030 0.030

1) Steel; 2) content of elements
3UKhGSA; 6) 30KhGSNA; 7) 30KhMA;
23Kh2NVFA (EI659); 11)
33KNN3MA (OKhN3MAS.

%); 3) no more than; 4) 38KnA; 5)
) 30Kh3VA; 9) 20Kh3MVF (214155; 10)
30Kh2N2VFA; 12) 30Kh2N2VFMA; 13) U4OKhNVA; 14)

tural shabing Steels of the perlite class utilize Mo, W, V, and Nb as
solid-solution hardeners. A relatively small amount of these elements,
especlally Mo or W, greatly increases the resistance of the steel to
plastic deformation at elevated temperatures. The hot strength of these
perlitic steels 1s also favorably affected by Mn and Nb, as well as

1all quantities of Cf; 1t must, however, be kept in mind that Mn makes
steel hot-short. Perlitic alloys of this type achieve their greatest
hot strength by complex alloying of the solid solution with ho and W

| 1987 |
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TABLE 2

Mechanical Chéracteristics of High-Hot-Strength
Structural Shaping Steel (perlitic) at Elevated
Tempeiatures (no less than?*

G| [om| 8] w| ominmat fay _
< wacl o2 | 4 3 ]
Cram Tepunw. o6paborea | & | . ¥a5 €2l a2 d
E | (xemm) b o) [ 23 et i~ 8
| 2 3R ISR I R X
1 1B i BeErphE: 6| 4| =2
38xA  18aawaxns ¢ meor wf ol res) esi—lesf se | a3 | ~| 9]3,3-2.
' mAcae, orfiyex npmf 2061 101 (IR ERR L] - - — 9 -
8 820° » e mam} 4o | 8t T2117(69] - -_— a0 [ -
wacze 15 seo| 581 S3{s0ls3] - - -1 4 -
MXTICA 3anazana ¢ 380* » 201 t10 85114155 72 46 - §13,2-3.8
::af. oraycR Ops El;g -;’ -;“ I-G :9 - - - }l -
o ) [ ! { - — - —— 0 -

9 20 sogf TFo| e5{2t|ni| — - 26| s -
SO0XICHA Jakaama ¢ 930° g| 20] 1n0] 135 9{4s| ~ - - st <2.0
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~¥Modulus of elasticity E = 19,000-20,0000 kg/mo, ~

1) Steel; 2) heat treatment; 3) temperature (°C); 4) kg/hmg; 5) un- :
notched specimen; 6) notched specimen; 7) kg-m/cm2; 8) 38KhA; 9;'30Kh— '
GSA; 10) 30KhGSNA; ll; 30KhMA; 12) 30Kh3VA; 13) 20Kh3MVF (EI&IS ;0 14)
23Kh2NVFA (EI659); 15) 30Kh2N2VFA; 16) U4OKhNVA; 17). 33KhN3MA (oKnN3MA);
18) quenching from 860° in oil, tempering at 520° in water or oil; 19
quenchin§ from 880° in oll, tempering at 560° in oll; 20) quenching
from 930° in oll, tempering at 200°; 21& guenching'from 70° 'in water,
tempering at 600°; 22) quenching from 820° in oil, tempering at 600°; °
23) quenching from 1020-1050° in oil, tempering at 680° for 7 hr; 24}
quenching from 890° in oll, tempering at 500°; 25) quenching from 940°
in oil, tempering at 640°; 26) quenching from 860°, tempe ring at 580°;
27) quenching from 860° in oil, tempering at 680°, second fuenching
from 860°, tempering at 650°. , : - ,

or Mo, W, and V. , ‘ '
Table 1 shows the chemical composition of~the m@st 6omm§n-h1gh4
hot-strength structural shaping steels of the perlite class. These ma-
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l; Steel;
7

23Kn2NVFA; 3) 4OKnNVA; 9) 30KhGSNA; 10

P

TABLE 3

Physical Characteristics of
Certain Types of High-Hot-
Strength Structural Shaping

Steel
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¢ 1 1’0",,‘.' '.",,",,7 100° | sone
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TABLE 4
Forging Regimes, Hcat-Treatment Regimes, and Appli-

.cations of High-Hot-Strength Structural Shaping Steels
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III-99s4
1) Steel; 2) forging and stamping range (°C); 3) heat treatment; 4)
critical points %°C?; 5) application; 6) 38KhA; T7) 30KhGSA; 8) 30KhGSNA;
30KhMA; 10) 20Kh3MVF (EIN19); 11) 23Kh2NVFA (EI659); 125 30Kh2N2VFA;
13) 4OKhNVA; 14) 33KhN3MA (OKLN3MA); 15) holding In furnace at tempera~
‘ tures not above 900°, forgin: at 1140 + 20°, final forging temperature
‘not below 900°; 16) preliminary normallzation at 850°, tempering at
- 660°, final quenching from E€60° in oil, tempering at 590°; 17) prelim=-
inary treatment: incomplete annealing at 780°, high annealing at 900°
with furnace cooling to 650°, final annealing, quenching from 890° in
"~ oll, tempering at 510°, cooling in oil; 18) preliminary normalization
~at 900°, accelerated annealln: at 780°, furnace coollng to 650°, low
annealing at 680-700°. Final quenching from 890° in oll, tempering at
200-300°; 19) preliminary normalization at §60-880°, tempering at 580-
650°, final quenching from 870-880° in oll or water, tempering at 550-
650°; 20) preliminary normallization at 950°, final quenching from 1030-
1080° in oil or air, temperins in air, tempering at 660-700°; 21) nor-
. malization at 890 + 10°, tempering at 500°, quenching from 890 + 10° in
011, tempering at B00°; 22) norralization at 930-980°, tempering at
650-840°, quenching from 890-040°, terpering at 560-600°; 23) normaliza-
tion at 950°, h1%h tempering at 650°; 24) quenching from 860° in oil,
"tempering at 580°; 25) nomallzatior. at 950°, tempering at 650°, quench-
ing from 850-870° in oll, tempering at 690°, second quenching from 860°,
- tempering at 650°; 26) bolts,pins, gears, low-stress components operat-
ing at up to 350°; 27) load-bearing canponents operating at up to 400°;
28% aircraft components; 29) lcad-bearlng components operating at up
to 450°; 30) disks, facings, rings, and other components operating at
up to 500°; 31) welded and unwelded components operating at up to 500°;
32) high-stress components (disks, shafts, blades) operating at up to
560°; 33) stressed components operating at up to 500°; 34) stressed
components operating at up to 450°.

terials are produced in bars and forgings;.types 38KhA, 30KhgSA, and
30KhGSNA are also produced in seamless tubing up to 133 mm in diameter.
All these_steels have a hardness HB(dotQ ='3,9-4.0 mm after an-
nealing or normalizatlon and tempering. Table 2 shows the mechanical
'characterisfics of hlgh-hot-strength structural shaping steels of the

perlite class at elevated temperatures.

Fig@res 1-3 show the 1nfluence of tempering on éhe mechanlcal
characteristics of 38KhA, 23Kh2NVFA, and HOKANVA steels.

| The change 1in modﬁlus of elasticlty as the temperature rises is
r.similar to that for carbbn steel. The physlcal characteristics of these
: allbys (Table 3) are alsc - .milar to those of carbon steels.

The"forging regime, preliminary heat-treatment regime (at the>pro-
| | 1990 |
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ducer plant), and final heat—treatmenﬁ regime (at the consumer‘plant)

for high-hot-strength structural shaping_steels and their flelds of ap-

plicatlon are shown in Table 4. ‘
High-hot-strength structural shaping steels can be welded, although

special restrictions are necessary for cerfain types.Thus, 30KhGSNA

steel can be Joined by arc (manual or automatic) or atomic-hydrogen

welding, but not by gas welding. Both quenched and low—tempered steels

of this type can be welded (see High-strength structural steel). Type
20Kh3MVF (EI415) steel 1is readily welded by the arc (manual or automa-

tic) or argon-arc resistant method and satisfactorily welded by the

atomic-hydrogen or gas method (see High-hot-strength structural casting

steel).

References: Alekseyenko, M.F. Struktura i svoystva teplostoykikh

konstruktsionnykh 1 nevrzhaveyushchikh staley [Structure and Properties‘
of Heat-Resistant Structural and Stalnless Steels], Moscow, 1962; Liber-
man, L.Ya. Peysikhis, M.I. Spravochnik po svoystvam staley, primenya-
yemykh v kotlotrubostroyenii [Handbook of Characteristics of Steels

Used 1n Boller and Plpe Fabrication], 2nd Edition, Moscow—Leningrad,
1958; Pridantsev, M.V., Lanskaya, K.A. Stali dlya kotlostroyeniya
[Steels for Boller Fabrication], Moscow,ri959. |

M.F. Alekseyenko
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HIGHLY PLASTIC STAINLESS STEEL is a structurally stable austenitic
steel with high deformability in the cold condition which is used for
fabricating detall parts which require deep drawing (watch and clock

cases, dental crowns, etc.). The type 12<12 chrome-nickel steel with

carbon content not over 0.1% (Fig. 1) has the highest plastic proper-
ties with satisfactory corrosion resistance under everyday conditions

(wristwatch cases).

\
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Fig. 1. Variation of penetration'depth in Erichsen test as a function
of sheet thickness for various steel types. 1) Erichsen test penetra-
tion depth, mm; 2) carbon; 3) sheet thickness, mm. .

Steels of the chrome-nickel grades OKh18N9 and OKhIBNll per GOST
5632-61 (see”Austenitic Stainless Steei) ére used to faﬁricate other
detail parts which have higher corrosion resistance. The 12-12 type
steel 1s produced on special order.

The'effeCt of nickel content on the variation of the hardness of
18% chrome steel as a function of the degree of reduction during cold
deformation is shown in Fig. 2. Figure 3 shows the effect of nickel

t /
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Mechanical Properties of Highly
Plastic Stainless Steel

an | % | Gea) 8 | @
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(IHE84) 125 | 5068 20 >30 -
ox1a19 1'365(1- 254 > 350} 950
(9510) t1u
 #Used in Germany as grade Kh8CrNi-
12"‘12.
1) Steel; 2) (kg/mm°); 3) OKn18N1l
4) OKh18N9 (EYaO).
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Fig. 2. Effect of nickel content on variation of hardness of 18% chrome
steel (quench from 1150°) as a function of degree of reduction prior

to rolling: A% Type 18-8 steel with 0.09% C; B) 18-12 type stesl with
0.08% C; C) 18-15 type steel with 0.09% C (Jones). 1) HB kg/mm<; 2) de=
gree of reduction, %? ,

8y, na/nat 1
12 v =
- wXCr aﬂxc[
Y -
I Y <k &x
0 ‘\v 18 XC/.a.05XC
o \ =PI A%
64, 3 \ sl o PN
nt RO NP P
b
TS UREPTT
» A 30
» y 20
10 g‘;ﬁ; SAv.d I N
[ L )
10 I 40 S0 €0 0 K0 10 30 40 30 0
Cmerewe cbmamys, X

Fig. 3. Effect of nickel content in 18% chrome steel with 0.05% C and
0.14% C on mechanical properties as a function of degree of reduction
during cold rolling. 1§ LAY kg/mme; 2) degree of reduction, #%.
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‘ content'on the capability of chrome-nickel éteel for strengthening dur-
ing cold rolling. The highly plastic stainless steel welds well using
‘various techniques, but Just as the steel with high carbon content

: (more than 0.06%) 1t must be subjected to heat treatment after welding
to avoid intercrystalline corrosion. Heat treatment of detail paitsv

- after spot and seam welding 1is not mandatory. Steel with 12% Cr is
corrosion resistent under atmospheric and household conditions. Steel

" with 18% Cr content is resistant in more aggressive meaiz (foodstuffs)
and in nitric acid. -

References: Gudreron E., Special Steels, translated from German,

" Vol. 1-2, Moscow, 1959-60; Khimushin, F.F., Nerzhaveyushchiye stali
(Stainless Steels), Moscow, 1963.

R A

o F.F. Khimushin
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HIGH-PERMEABILITY SOFT MAGNETIC ALLOY is an alloy having high in-

itial (uy) and maximal (u permeability in weak fields and low co-

max)
ercive force HC. The most inportant of the high permeability soft mag-
netic alloys are the alioys based .on Fe —‘Ni (40 ~ 80% Ni) of the Per-
malloy type (see table). The alloying Qdditives (Mo, Cr, Mn, Cu) are
introduced to increase the electric resistivity p, the magnetic proper-
ties and to simplify the heat treatment. The low-nickel Permalloys 45N,
50N and 50KnNS (figure) have high satpration‘magnetic induction B,
high resistivity p and therefbfe are used 1h-equipment with magnetic
biasing (cores of 16w-power tréhsforﬁers aﬁd chokes in communications
equipment, the automation, 1in 1nstrumentation). The grain-oriented al-
loys SONP and 65NP have a rectangular hysteresis loop (close to unity
ratio of the residual induction:B, to the satuation induction Es) and
are used for cores of magnetic amplifiers, switching chokes, computer
elements. The high-nickel Permélloys (79NM, 8ONKhS) have particularly
high Ko and L The allo&é QCNP'and 65NP afe delivered 1in the form of
cold rolled strip of thickness 0.02-0.1 and 0.02-0.5 mm respectivgly,
the remaining allocys are deliveréd in the form of cold rolled strip and
sheet of thickness 0,02-2.5% mﬁ,'hgt rolled 3-22 mm sheet and rods of
diameter 8-100 mm. Supermslloy (79% Ni, 16% Fe, 5% Mo) has the nighest
permeablility (“max to 1.5-106),~Heat treatment of the Permalloys a-
mounts to annealing in a vacuum or ;n hydrogen with subsequent control-

led graduated or slow cooling.,';-
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Magnetic Properties of Permalloy Type Ailo&a'

2 . 3 ¢ s s By ®
1 Cases mlrey, ne nnn), nne Ho (0. %8 Gnee) |1 ol %o MHe 8
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auss,m35 less than ) B
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_than , ho more than); 5&
with H = 10 H (no less than); 7) 45NF

(gauss/’oe2 no less
NKhS; 12) 79NH 13) 8ONKnS.

Magnetic saturation (B )s hﬂIs, and electric resietivity of the Fe-Ni

‘alloys
. e
Jo
oo o |
3 Hes el
Im 1’ 4 :5
.J ’

T |
orocqwnmo_x

1 Magnetic saturation; 2) p, microhms/bm, 3) electrical resistivity,
~ 4) N1 content. »

Promising alloys are Fe-Al with 16%. Al (Al‘enol, o to 2870, Mrax
to 115,000) and Fe-Al-Mo with 15-16% Al and 3.3% Mo (Termenol, ko to
’;7750, Hmax to,lhs,ooo). In these alloys the high magnetic properties are
“combined with high electrical resitivity (150-160 microhm-cm), low den-
.'Sity (abeut 6.5 g/cm3), corrosion résistance and strength at high tem-
perature. | | i "
A high permeability alloy 1s the nondeformable alloy Alsifer (Sen-
: dust), containing 9.6% si, 5. u¢ Al, balance Fe (uo 35100, Ppax = 11700
- H = 0,022). It is used in the form of shape castings for parts of rag-
-netic circuite with constant magnetic flux and in the form of powder
for the fabrication of magneto-dielectrics.» '
- References: Gabrielyan D.I., Klevitskaya G.2Z2., Puzey I. M. s Stand-

1996
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artizatsly (Standardization), 1960, No. 10, page 48; Smolyarenko D. A.
Kaplan A.S., ibld, 1959, No. 3, page 13; Zaymovskiy A.S., Chudnovakaya
L.A., Magnitnyye materialy (Magnetic Materials), 3rd edition, M.-L.,
1957 ( Metally 1 splavy v elektrotekhnlke (Mctals and Alloys in Elect-

rical Engineering), Vol. 1); Bozort R., Ferromagnetism, translated from
English, M., 1956.

B.G. Livshits, A.A. Yudin

1997
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HIGH-PURITY ALUMINUM — see Types of aluminum.
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HIGH-PURITY NIOBIUM is obtained by electron

by vacuum sintering, vacuum induction melting in the suspended state, |

ALl

beam melting and also

- YU

zone melting without crucible, and by the iodide method. The table ;

shows the impurity content in high-purity niobium (weight %) obtained

Impurity Content in High
Purity Niotium Obtalned by
Various Methods

Daemeny (npn-
wecs) o

2
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naasnu®

3

Hnofinfl, ene-
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.'m.l

Coaepmannme nprmecef

1.3-10=1—
(.5 1n=1
<i-3.10-
.

8-2.10-

- -

AAA®AAAA
PRI BN, N N
A N

CL.%ecogooca !
egltijyeiat

1 -.Q..
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AAAA

(2,5~10)-10~

’ <1:10-¢
<1-10=¢
¢ | (3—-10)-10~"

&.'
£33
u:{&
,
§ii
£ii
7-10=¢
2.%10~?
3,310~
PRI
<510~

1-00=1

#First number applies to industrial metal reduced
by the carbothermic method from a mixture of niobl-
um oxide and carbide and remelted twice; the second
numbers are minimal values (literature data).

*#For metal obtained by laboratory methods (litera-

ture data).

'
e | o s it s s i e

199

Element (impurity); 2) niocbium produced b
niobium produced by vacuum sintering#*#; 4
tron beam zone melting; 5) impurity content.

9

electron beam melting®;
niobium produced by elec-

erties of high-purity niobium differ markedly from the properties of

by electron beam melting, zonal electron beam melting, and by the pow-
der metallurgy methods — sintering niobium which has been reduced by
the carbothermic method at 2300° (see Carbothermic Niobium). The prop-
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the technical metal. For example, its Brinell hardness is 45-55l1n

place of 70-120 kg/mm® for the technical metal (see Niobium), t’biis

close to 2500° in place of 2415°, and so on. Monocrystals of specially

purity niobium is produced on an industrial scale. High-purity niobium

"finda 1ta primary application abroad in nuclear power production, pro- -

duction or high-temperature alloys, and 1n radioelectronics.

References: Kolchin, O,P., Sumarokova, N.V., and Chuveleva, N.P.,

"~ pure niobium are obtalned with a length of sbout 0.5 meters. The high-_ o

Poluchenlye plastichnogo niobiya [Obtaining Plastic Niobium], "Atomnaya -

energiya" [Atomic Energy], 1957, Vol. 3, No. 12, pages 515-24; Rare Me-
- tals Handbodk 2nd Edition, London, i961, Proceading of the Fourty'Sym-

'posium on Electron Beam Technology, 29-30 March, Boston, 1962; Miller,
".0.1_.., "Ind. Chemist," 1962, Vol. 38, No. 451, pages 455-60.

0.P. Kolébin
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HIGH-PURITY TANTALUM — metallic tantalum obtained by smelting in
an electron beam furnace. Tantalum 1s an extremely rerracfory metal,
which 1s easily oxidized at elevated tempefatures, for which reason 1t
1s smelted in electric arc vacuum furnaces or in smeltihg installations
with electron beam heating. A water-cooled copper crystallization pan
13 used as the crucible. Due to the high rate of evacuation of harmful
gaseous 1mpur1t1és, ease.in adJusting the smelting process, possibility
of using wastes and the lower‘cost of the procesé proper, smelting of
tantalum by the use of electron beam heating 1s the most expedient
ﬁethod. It 1s so mﬁch more modern that 1t has already partially replaced
the existing method for obtalning concentrated tantalum by sintering it
in a vacuum. Below 1s presented the change in the admixture content
(atoms per million) in cast tantalum, smelted in a cacuum electric arc
furnace after it has been remelted in an electron beam smelting instal-

lation. The results of metal analysis after purification are given in

parentheses.
~aluminum 220 (< 50 titanium 45 (< 10)
iron 89 (< 10) molybdenum ge 20
carbon 40 (18) oxygen 3 (<
nickel 80 (8) hydrogen 115 (¢ 1
silicon 230 (25) nitrogen 35 (10)

The reduction in the admixture and gas content sharply reduces the
metals's hardness. The hardness of the original-tanfalum smelted 1in an
arc vacuum installation 1s 150-350 kg/mm2 (HBO, after 1st resmelting
in the electron beam furnace the hardness is reduced to 70 kg/hma, af-
ter a 2nd resmelting 1t 1is reduced to 45-55 kg/hmz. As the purity of

castvtantélum 1s increased, the specific pressure which 1s needed for
2001
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deforming it can be sabstantially reduced. In electric arc furnaces it

}is possible to obtain;a shaping tantalum alloy with the tungsten con-

tent not exceeding 16%. An excess tungsten content high;y embrittles

the metal. The use oé an electron beam smelting installation has made

it possible to increASe the tungsten content to 15-20% retaining at

the same time the aliﬁy's plasticity. | -
References: "Metall," Year of Publication 14, No. 5, 1960; Year

of publication 15, No. 1, 1961; "J. of the Less-Common Metals," Vol.

2, No. ,2-4’ 1960, |

0.2. Budzinskly
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HIGH-SPEED STEEL«f.high;allqy steel used primarily in the manu-
facture of cutting tool§.wh;chfmust function at speeds higher than
those employed for ordinéry carbon-steesl tools. Cutting-tool materilals
should be harder than the maﬁerial to be cut, but the hardness of a
tool does not determihé its quality. In cutting metals the cutting ed-
ges of the tool heat up andwﬁhe hard steel of which they are made 1s
tempered and séftened. Heating carbon tool steel to 200° greatly redu-
ces 1ts hardness; high-épeed steel 1s softened by tempefing.only“when
heated to temperatures above 550°-600°, although it 1is equally hard at
room temperature (Fig. l).’It has been established that those cutting
speeds which heat carbon—steel'todls to above 200-300°, high-speed-
steel tools to above 600°, or.haﬁd—alloy tools té above 1000° are im-
permissible, since they cause instantaneous softening of the tool. If
the cuttling speed of carﬁén—steel tools is assumed to be 1, the corres-
ponding speed for high;épeed steel 1s 3-5'and that for hard alloys is
10-15 or more. Thus, 1n many cases high-speed Qteel cannot gsatisfy the
requirements imposed on tool materials under contemporary production
conditions, HoweQef, hard alloys cannot replace high-speed steel 1in all
Instances, slnce they are quite brittle. The abllity of a steel to un-
dergo only slight softening or none at all on rather long exposure fo
high temperatures (red-heat temperature, 600-650°) 1is célled red hard-
ness. In orﬁgr for a steel to have high red hardness it should ccntain
alloying‘elements which form speclal carbides that are soluble in steel
on heating but have difficulty precipitating from sblution. The rate at
which the carbon and alloying glements precipitate from the solution

' 2003 | '
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(martensite) 1s determined by the chemical stability ot»these_carbides,
which in turn depends'on the position of the carbide-fonning alloying

element in the periodic table. The further from iron the alloying ele-
ment lles, the more stable are the carbides 1t forms. On the other hand,

elements which lie far from iron (titanium, zirconiﬁﬁ; niobium, tanta-

ium) have carbides so stable that they do not dissolve in austenite and

cbhséquently do not participate in imparting high hardness and red hard-

ness to the martensite. In order to obtain high red_hardness it s best
lto alloy high-speed steel with tungsten, mol&bdenum, chromiuﬁ, and van-
adium, which form carbides with the requisite stability. The content of
these scarce elements in high-speed steel explalins 1its high cost. Con-

temporary sclentists have developed methods wh;ph permit a reducticn in

the content of alloying elements.
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Flg. 1. Hardness of tool materials at different temperatures. 1) Rock-
- well hardness, HRC; 2) temperature, °C; 3) carbon steel; 4) hard alloy
(Pobedit types; 5) high-speed steel. o -

TABLE 1
Cram 1] c ‘ w l cr ' v
 ops.a.. | 0.1-0.8 |17.5-10.0] 3.8-0.8 | 1.0—1.4
Po° %13 |0.85-0108| as—10/0| Llo—dls | 2la-2d

1) Steel; 2) R18; 3) R9..

‘At present, types R18 and R9 high-speed stee1 ar% predominant in
the USSR (Table 1). | '
2004
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TABLE 2
Cru».lf [+ [ w , Cr ' v , Co
3 POdS . ... ] 1,4~1.8 |p0—g0.5 2 a—0 6] .98y -
PIOKS®S . .| 9,45—1.55] 10118 4. v 4. 6| 4. 3=5 .11 8,0—6.0
¢ POKI0 ... 0.8=1.0 [9.0~10.5] 2.8~ 4. 4] 2026 |9.8~10.5
S PIA®s .. ] 1,213 [ 1314 8] d 0=t ] 5 4-d s -
¢ PIs®2 .. .]10.85~0.05] )7 8~101]3.8-4.4]1,0-2.4 -
7 PISKA®2. .{0.85=0.95( 17,519 | 3.8-4.4[1.8~2.4] 8,0—6.0

13 Steel; 23 ROFS; 3) RIOK5F5; 4) R9K10;
5) R14FL4; 6) R18F2; 7) R1BK5F2.

Despite the consliderably lower tungsten content of R9 steel, its

propecties (particularly its cutting characteristics) are similar to

those of R18 steel. Thls 1s due to the fact that only that part of the

carbon and alloylng elements whlch has gone into solution is responsi-

TABLE 3 ble for red hardness. Experiments have shown that
gfgeggrdness of the solubility of tungsten in austenite dcas not

cram 1 ) Kpsonoemat- exceed 7-84 (at 1% C), this being the amount pre-
3?&;352? Eﬁ sent in R18 and R9 stee;s; these two steels conse-
'zﬁgﬁ°iz §§ quently have the same dissolved-tungsten content.
S BRes ] 0 The old view that the quality of high-speed steel
1) Steel; 2) red is determined by 1ts total tungsten content was

hardness (°C); 3)

R18; 4% R9; 5

? Fgéxlg;ﬁégﬁggal overwhelming majority of cases, R steel is in no
. F .

RﬁéFg%2?18 2; 10) way inferior to R18 steel.

not confirmed. Experience has shown that, in the

Standard high-performance high-speed steels,

which have a higher vanadium content than R9 and R18 steels or contain

cobalt, have been developed armd approved. Table 2 shows the composition

of these alloys.

Vanadium, which forms the very hard carbide VC, glves these seals

high durability, whlle cobalt gives them high red hardness. The latter
is usually measured bty determining the temperature at which the initial

high hardness (RC » 62) drops to RC = 58.
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The struéture of high-speed steels i3 governed by that of the car-

bide component ard - the metallic base. The carbides in tungsten high-

speed steels are'compounds of the
present in steels containing more
speed steels the prihary carbides

form a eutectic, ledeburite (Fig.

Fe3w3¢ type. Vanad;um carbide, VC, 1is
than 1.5-2% vanadium. In cast high-
(those precipitated from the melt)
2). In this case the structure of the

metalllc bage 1s determmined by the cooling conditlions and may be marten-

sitic-austenitic (rapid cooling) or perlitic-sorbitic (slcw cooling). .

Forging breaks the carbide eutectic into small individual carbide grains

(Fig. 3), thus improving the quality of the steel. It is therefore re-

commended that forging be carried

metal even when no change 1n shape 1s

) >
Rl AN

A
e

Fig. 2, Cast high-
speed steel, Eutectlic
(ledeberite) and aus-

out to 1lmprove the structure of the

requlred,

Fig. 3. Annealed high-
speed steel (magnified
1000 times).

tenite (white spots).
Magnified 500 times.

Fig. 4. Graph of heat treatment

-of high-spved steel. 1) Tempera-
ture; 2) time; 33 quenching; 4)

1st annealing; 5) 2nd annealing;
6) 3rd annealing.
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TABLE 4
Craas 1' C ‘ w cr ! L 2 \
'-"””2-1 v o o‘ oY) lu-a.cl 1.3-1.7 }

1) Steel; 2) EI347. .

The procedure for heat treating high-speed_steel differs radically
from that for other steels (Fig. 4).The works of a number of contempor-
ary researchers glve exhaustilve descriptions of the complex structural
transformations which occur in high-speed sﬁeelg’during heat treatment.
New methods for heat treating these steels*(isothermal annealing, grad-
ual quenching, multiple annealing, cyanatioh, cold working) were devel-
oped and put into practice in the USSR berére thelr introduction abroad.
High-speed steels are heated to high temperatures before quenching
(1280-1300° for R18, 1220-1240° for P9) in order to permit more com- -
plete dissolutlion of the carblides, which 1ﬁproves.the cutting charac-
teristics and red hardness of the steel. After quenching, the structure
of high-speed steel consists of 30-40% residual austenife, the in-
creased content of this phase being responsible for the relatively low
quality of the steel; the job of the subseqﬁent treatment 1s conse-
quently to convert the residual austenite to martensite, which 1s done
by annealing at 560-580°. A single annealing does not completely con-
vert the residual austenite and it 1s consequently recommended that this
proceduré be repeated two or 3 times (so-called multiple anneaiing).‘
Cold working can also be carried out after quenéhing to‘convert the
austenite to martensite. A éingle annealing suffices in this case, The
surface o a high-speed steel tool 1is often sétubated to a shallow‘depth
(20-50 1) with nitrogen and carbon by cyanation in order to improve its
cutting properties. . R '

High-speed steel was formerly used solely as a tool material, but

2007
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the development of certein branches of englneering has resulted in a

demand for high-speed and similar steels with hign hardness at elevated

temperatures. '

Thus, RO, R18, and other high-speed steels are nsed for components‘
subJect to frictlion and heating to up to 500-650°. If their hardness |
and red hardness cen be somewhat lower than the~figures indicated above,
high—épeed-steel components are quenched from lower-than-usual temper-

atures (e.g., from 1150-1200° instead of 1200-1240’); which produces a

" 8light increase in viscosity. All other high-speed-steel components are
" treated under tool regimes. High-speed steels have found a special ap-

.plication in so-called thermostable bearings and ball bearings, which

are subject to operational heating to 500—600‘. In addition to hardness

and annealability, purity (reduction of nonmetallic inclusions and car-

- blde liquation to a minimum) and absence of metallurgical defects are

very important. High-speed steels with as low a carbon, tungsten, and

vanedium content as possible (in order to maintain red hardness) are

used for these purposes, (Table 4).

EI347 steel substantially surpasses ordinary high-speed steels
with respect to carbilde llquation. It was formerly used in conjunction
with R18 and R9 steels, but, since it has a lower red hardness, 1t has

found a special application 1n the manufacture of ball bearings. The

~ forelgn literature contalns reports that high-speed steels with a low

(approximately 0.3%) carbon content, which are subject to cementation,

- can be used in such cases. High red hardness can be obtained by adding

up to-30% cobalt to steele of this type (with both normal and reduced
carbon eontents). Partial replacement of the tungsten by molybdenum 1s

aiso effective.

References: Gulyayev, A.P., Nizkolegirovannyye vol'framom i molib-
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denom bystrorezhushchiye stall [Low-Alloy High-Speed Tungsten and Mo-
lybdenum Steels], Moscow-Leningrad, 1941; Ibid, Svoystva 1 termicheskaya
obrabotka bystrorezhushchey stall [Properties and Heat Treatment of
High-Speed Steels], Moscow-Leningrad, 1939; Lebedev, T.A., Revis, I.A.,
Struktura 1 svoystva litogo instrumenta 1z bystrorezhushchey stall
[Structure and Properties of a Cest High-Speed-Steel Tool], Moscow-Len-
ingrad, 1949; Geller, Yu.A. and Babayev, V.S., Instrumental'naya stal'
[Tool Steel], Moscow, 1945; Minkevich, N.A., Malolegirovannyye bystro-
rezhushchiye stall [Low-Alloy High-Speed Steels], Moscow, 1944,

A.P. Gulyayev
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HIGH-STRENGTH ALUMINUM SHAPING ALLOYS — alloys thét'héve an ulti-
mate strength over 45-50 kg/'mm2 in the direction of the fibérs. They
include the alloys V93, V95 and V96 of the Al-Zn-Mg-Cu system; alloy
VAD23 of the Al-Cu-Mn-Li1-Cd system and, to some extentvdepénding on the
heat treatment and fhe form of the semifinished pbodu@té;-ailoys D16,
D19 and M40 of the Al-Cu-Mg system; also, alioy AK8 of'the Al-Cu-Mg-S1
system. ‘ ' , |

In rolled products made from alloyé D16, D19 and M40, the strength
18 increased to the level of the high-strength class by cold-hardéning,
artificial aging and removal of cladding. Adequately_hiéh strength val-
ues can be obtained in alloy AK8 only for extruded semifinished pro-
ducts of a certain cross section, and in alloy D16 for extruded semi-
finiéhed products in a broad range of sections as airesult of some mod-
ification of the chemical composition (within the standards) and use of
certain extrusion conditions. ' o

The followlng points must be remembered in use 6f,all high-
sterength aluminum shaping alloys: 1) the increased sehSitivity_to notch-
ing, particularly for repeated and vibrational loadinéj 2) the lower-
than-usual corrosion stability; 3) certain productioh beculiarities.
Thus, for example, in using alloy VADZ23 and'artificially aged alioy
D16, all deformatlons of the semifinished products,(bending,jbeveling,
fullering, and the like) and riveting up of assembiieé must be com- |
pleted before the artificial aging operation. The:finiéhed r1veted-un-
its are subjJected to artificial aging; 4) the possibiiity of fabricat-

ing semifinished products of the necessary shanes andwdimensions and
2010 | o -
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the degree to which the properties deterlorate when the sections and
dimensions of the semifinished product are enlarged.

Alloys V93, V95; V96 and VAD23 possess the highest strcngth at
room teﬁperature. Alloys V96, V95 and V93 soften as a result of pro-
longed resldence at temperatures of the order of 100° or higher. Alloy
VAD23 retains relatively high strength characteristics after prclonged
heatings to 160-180°. Alloys D16, D19 and M40 have lower strength val-
ues at room temperature than alloys V95, V96 and V33, but they are less
sensitive to notchee under repeated loading. They also show higher hot
strength than alloys of the V95-V93 type. As for general corrosion re-
sistance, all high-strength aluminum shaping alloys with high copper
concentrations (alloys_VAD23, D16 and the like) are substantially in-
ferior to alloys with lower copper contents (V95 and similar alloys).

High-strength aluminum shaping alloys are selected for specific
structures on the basls of the characteristics noted above. For stress-
bearing structures operating telow 100°, for example, when it is neces—
sary to ralse the genefal cogrosﬁon resistance, alloys V96, V95 and V93
should be used. Here the shapes of the structure and the process by
which 1t 1is bullt must minimiLe stress concentrations situated in the
plane perpendicular to the action of the forces. For load-bearing
structures operating above 109‘, as well as those operating at room
temperature but subjectbzo ve%y long-term application of vibration
loads, and 1n those cases where there are no speclal requirements as to
general corrosion resistance, Alloys D16, D19 and M40 should be em-
ployed. On the other hand, fo; structures working in compression under
these conditions, it would belmore efficlent to use a Vg95-type high-
strength aluminum shaping alloy. With 1ittle stress concentration and
thin sections, the expediency of chcosing alloy V95 or D16 should be
declided by preliminary tests. Alloy VAD23 may be used for the most
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heavily loaded riveted or bonded structures intended for long-term op-

eration at 160-180°.

TABLE 1
Mechanical Properties According to TU or GOST

cnY 5 ::G’p:::,'; 3 Cuctonuue uarcpmaza )‘l'z‘r’;‘?!:.?:l:“ S .‘"LJ 2 b (%)
ves fTovornm v mva--i:nnmmme " menycet-| Tipoanarnoe 4948 4440 ¢
5:3?;50:0;";:01.0’ TCHMO COCTADCNNNE 8
9 "W
AR o e | 11 rewe L Thmmmues| o | SN 8
Dg Jimcris paaxmpo- | Harapronannive wa 6—7% | Tonepewnoe 4554 | 29,5—44] 14-p
D1 18HKNE W H~ u na 20%; ecrecrrenno 12
[ARKNPOAHHNE N ACHYCCTRENHO COCTA-
pernie 11&
Dis fipninan noviem. | 3avanewmie w  ecrecr- TTpoaoarmoe 4540 32-3¢6 -1
NPORHOCIR " weuNo CyCﬂDQNIDC
| 10 9
Gonee 200 mm
M40 JIncTn  naaxkmpo- | Jaxaaenmie, narapro- | [lonepesnos 4352 3-47 [ 23 )
mannee ‘l.:::;cc':e:n:,é :ocg:: : 12
17 pexane 18
;_I;;. MNpymxn nuawh{.’unmunueuecvecnen- npoéomm 548 - 10
POM 10 22 Mm 8 MO COCTADEANLE 16
20 160 mm 19 '
v Nlweris 2Q 3axanennne m mcxycer- | Ionepesnoe 4933 NEXY] 1-4¢
21 yewwo ...f:’;:.:5’.‘.'.'.'.‘.'.‘:'l . \ s | 1
. T- poIoALN 1-58 839 -
22| maruement | BT RN Demel W2il | T2 )3
NMokonkm,  @YaM- | ag o nennie n mexyeet- | npoloa»m: $0~54 6:_-_-“" 5:1 (L:ﬂ
s | g [RGB | S [
1) Alloy
2) Form of semifinished product
3) State of material
4 Specimsn cutting direction
5) (kg/mm<)
6) Forgings and stampings welghing up to 30, 200 and 2000 kg
7) Tempered and artificlalliy aged
8) Longitudinal
9) Sheets
10) Shapes
11) Same
12) Transverse '
13) Cladded and uncladded sheets
14) Cold-hardened by 6-7% and by 20%; naturally and
artificlally aged
15) High-strength profiles and profiles with wall
thickness over 20 mm
16) Tempered and naturally aged
17) Cladded sheets 1
18) Tempered, cold-hardened by 25% and 50% and arti- '
flclally aged :
19) Rods up to 22 mm and up to 160 mm in diameter
20) Sheets
21) Tempered and artificially aged, including cold- hardening
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22) Extruded shapes, rods and panels
23) Across width

2 Across thickness

25) Forgings, stampings
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Fig. 1. Normmal distribution curves of ultimate strength and yileld point
values in the transverse direction for flat extruded panels up to 520
mm wide with a sheet thickness of 4 mm, made from V95T alloy (total
number of panels 246). A) Frequency in %; B) kg/mmZ.
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Fig. 2. Nomal distribution curves of elengation for rlat extruded pan-
els up to 520 mm wide with a sheet thickness of 4 mn, made from V95T
alloy (total number of panels 246). A) Frequency" in %, B) in longitud—
inal direction; C) in transverse dlrection. ‘.

The present paper 1s concerned chiefly with-che_properties of al-
loys V95 and V96. For more detalled data on allcye‘v93 and AK8, see

Forging aluminum alloys; for alloys Dl6 D19. and'M40; eee Medium-
strength aluminum shaping alloys; for alloy VAD23, see Heat-resistant

aluminum shaping alloys. Alloys V95 and V96 are characterized by high

ultimate strength arnd yleld point values, and by good plasticity in the

hot state. As regards general corrosion resistance, alloy V95 is eupen—
2012
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Fig. 3. Tension diagram to yield point for alloy V95T at room and elev-
ated temperatures; solid extruded shapes. A) o, kg/hma. oy = pts.

@ o0z s , .0 .9

Fig. 4, Compression diagram to yleld point at room and
atures fgr VG5AT alloy %

slevated temper-
A) kg/mm<. nn = pts.

sheet 2 mm thick, ¢, = 52 kg/mm<, 610 = 14%).
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Flg. 5. Curves of longltudinal stability for P-section profiles, 35 x

35 X 4-mm sectlon, made from alloys V95T, D16T and DIT; supported at
faces. A) Okrp? kg/mme; B) V95T; Cg D16T; D) D1T.
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Fig.’6. Influence of test temperature on static endurance of V§ST alloyr
Bpesimens under uniaxial tension (sheet thickness up to 3 mm). A) kg/
/mme; B) number of cycles to failure, N. |
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Fig. 7. Bending strength of round tubing made from aluminum alloys AV,
Axg, V95T and D16T. Upper broken curve represents alloy AV, the solid
curve alloys AK8 and V95T, and the lower dashed curve alloy D16T; D is
the tubing diameter (mm) and t is the wall thickness (mm). A) aizg/ob‘

TABLE 2. lor to alloys D16 and AKS8. Alloys V95 and
Tomans | | %o | partizularly alloy V96 are distinguished by
aucrs (an) 190" aat) ity _

0.3-2.% ....|sm0ls00] 7 low plasticity in the artificlally aged

2,6~10.0.... . 49,01 41,0 1

- state; only l1imited production operations
A) Sheet thickness

. cain be performed on them in this state. If
B) (kg/mn®)

the necessary precautions are adhered to,
alloy V95 performs successfully in strubturu.

al zones under tenslon and compression. Alloy’V96 is recommended pre-~

‘ferentially for compressed zones in tha structure or fcor smooth parts

with a minimum'of'stress concentrators. The properties of semifinished
products made from alloys V95 and V96 are glven by Tables 2-12 and
Figs. 1-8. In the annealed state, V95 and V96 semifinished products
the low strength and high plasticity and can be deformed in ﬁroduction

as neceésary. They’also shape well (bending, fullering and beveling of
- ' ' 2014
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profiles, stralghtering, etc.) in the freshly tempered state.

With the purpose of protecting them from corrosion, chcets of V95
allcy are clad with an aluminum alloy containing 0.9~1.3% of zinc, no-
more than 0.16% Fe, 0.16% S1, 0.26% (Fe + S1) and 0.01% Cu. The clad-
ding layer represents 4% for sheets up to 2.5 mm thick and 2% for
sheets 2.6-10.0 mm thick. If the relative thickness of the cladding

layer 1s reduced, the guaranteed ultimate-strength and yleld-point val-

ues rise accordingly (from 49 to 50 kg/'mm2 and from 41 to 42 kg/mma).
Especlally strong sheets (cb = 53.0 kg/hmz, Gg.p = 46 kg/hmz,
= 6%) are obtalned elther by holding the chemical composition of the

alloy near. the upper 1limit or by rolling the sheets in the tempered and .

artificlally-aged state (degree of deformation up to 3%). Cold-hardened

sheets are made for use 1n compressed zones of the structures. In cases

in which the sheets are tempered and artificlally aged at the user
plénts (without tractlon straightening after tempering) or when pre- |
viously annealed sheets are tempered, the guaranteed mechanical proper-
tles are those given in Table 2.

Expruded plates are produced by cross-rolling extruded strips;
this ensures high strength pfoperties, but the process 1s unproductive‘
and may be used only In rare cases. The basic method for producing
- plates is to roll flat ingots. The proper.ies of extruded shapes depend

hezvily on wall thickness (see. Press effect of aluminum alloys). The

differences in oy and 9.2 between thin and massive shapes reach 6-7
kg/'mm2 according to the TU. The actual strength characteristics of pro-
files (particularly thin ones) are cOnsiderably in excess‘of the TU ne—
qulrements. For extruded products, and panels 1n particular, traction
straightening after tempering 1is 1mportant Tracuion straightening re-
distributes the tempering stresses and reduces warpage substantially

during machinilrg. The panels shonld be stretched by at least 1.5%.
| 2015
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Fig. 8. Data on endurance of V95T-alloy semifinished products, obtained
in bending tests on a rouating specimen: dark circles represent speci-
mens wit hout notch (d = 7.6 mm); open circles are specimens with a

V-shaped notch (dN 8.4 mm, zy = 0.025 mm). 1) o, kg/mm<; 2) nuwber of

cycles to failure, M; 3) rolled bar; 4) rolled plate, 5) forging; 6)
extruded semifinished product.’

It is advisable to make forgings‘andwstampings,from:alloy,V93;@, e
rather than V95. In sheet form, alloy V96 has no_particnlar advantages
over V95. Extruded and forged V96 products show subStantially increased

atrength characteristics.

The ‘corrosion resistance of V95 and V96 alloy'semifinished prod-

ucts in the artificlally aged state iSnsatisfactoryQ To guarantee sat—
isfactory corrosion resistance in clad semifinished products, they
should be aged at least 16 hours at a temperature no lower than 135~

145° (or stepwise). The corrosion resistance in the naturally aged

- state 1s unsatisfactory; semifinished products may be stored in this

state only for a limited time, and they may not be sent to the fabri—
cator. The corrosion resistance of massive_sem;finished products may
drop considerably. In manufacturing tneifirst.few consignments, it 1is
necessary to check thelir corrosion resistance. It can be improved con-
siderably by the use of forged or. rougb—extruded blanks for solid work—

pieces. Anodizing and painting provide dependablc corrosion protection.

‘Technologlcal data. Round and flat 1ngots ar° cast with water and
' 2016
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Aty oo ltvs. T fatrtoate oIl Sorctraes, ctarrines, shapes, plaues and
rods, only Lnpootrs o that Lave tesern water-ceoled should te ased, Atloy VD
rolls, extrudes, forges ard :tdmp: saticfactorily. It iz uced to fabri-
cate sheeto, plates, forgings, stahpings, shapes and extruded pancls;
Va6 alloy ic used for extruded and ferged preducts. Alloy V95 1 tem-
pered at 465-480°, ana V96 at 460-465°; the products should te cooled
quickly during the temperinsy process; the time lapse between removal of
the workpleces or semifinished products from the bath and irrmersion in
the tempering water‘should not exceed 15 sec. If transfer of the piece:c
is delayed, thelr mechanlcal propertles drop sharply. To improve the
hardenablllity of massive pleces, 1t 1is necessary to have a tempering
vat of sufficlent capacity with vigorous circulatlon of the water. So-
11d pleces must be tempered after rough machining and thelr mechanlcal

properties must be checked across the sectlon of the plece.

TABLE 3
Typical Mechanical Properties of Alloy V95 at 20°

a2 E G l SR A R O R L X a '
. d AT oY N - - =
neayatpunara }Ia(w Aty ’ I (2o sen’) ") : b (v ')

€ Npoduan 10000 ' ( f ! ' | !
Ol 20 s LT Mionta ; 0 Sheen RN E2 “uu R Bk
< olnctia naaknpo- . | | ¢ ; 1 ;
KAHHEE Ao . ! i l ‘ y : |
2,5 M8 oo . W (BT 07— 1 4y 5:,1‘1_,-‘_ - -
! : i ) 1 ]

IIII;,, i

*The endurance limlt ¢_, was determined in alter-
nating bending, N = 5.10°. |
a) Form of semifinighed product; b) kg/mma); c)

Teps d) aw (kg-m/cm?); e) profile less than 20 rm

thick; £, <aowoued sheets up to 2.% mm.

Application and quallty control. Alloy V95 1s used for stress-

bearing structures that will work for prolonged periods at temperatures
no higher than 100-120°. Uses include the skin, stringers, bulkheads

and spars of alrframes, stressed frameworks of certain riveted struc-
2017
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1-3839 i
TARLE 4 5
Moechanical frerertles ef Forged arnd Fxtruded Clerl-

. < m < Ty e ]
vinished Productes of VO© Allcy at 20°%
' 9 Fog ee L !
a M naayd dpmiara ' Moo X O
! {x2 mw’) 'O;T - T
b Macemurng npodnns - ‘ - i
PO A MOAKR o Lol c e e ah AM [ — (IR} 817
[LENL T U IR s S22 A TUNY, TYVTL S T S 52 81 51 | Bu T 0K - 127%,% 199 8
EPeRIT WACT NOANM L L e e e s S53.48 47 | 5% 4 vy TR T
Tames 8 0 nuMBNe L L . ... 97,5 54,5 60,5 RL.8 7.59,% -
ﬁ TOROHR € omeM Tutio « T00N {20 au
{ wepardepm . Lo AD AR AT | 5581480 1 T2ACKT | 9, 58,54 28 1840
HEHTP o« v v v v vt a e e e SO 404N L S6 482 | T4 R Bt |10, 55.% 3 21,9425
kmwmnmml ............... SH'44 48 | BL &'t 47 ! T 4558 1 3,53 16R,58.5
Ka 401 RIHWE HOKOUKN conennes l
£ 0N%H00X2R0M{300) %8 o v 0 b 4w | 5050 44 ) 845443 ! KRGH L -
1

*The property filgures are lndicated by the shil-
ling fraction for the lenzth, width and helight of
the specimen.

*ig is for a specimen with a round notch having
a raB%us of 0.75 mm.

a) Form of semifinished product; b) solid profile; c¢) thin flange; d)

periphery of thick flange; e) center of thick flange; f) extruded pan-
els; g) forgings, 1000 X 300 x 120-mm sectlon; h) periphery; 1) center;
J) stampings. k) tapered forgings, 1700 x 900 x 250 (300)-mm section.

' TABRLE 5 ' tures, etc. In quality control of structures
" Mechanical Properties

of V95-Alloy Profiles that have been bullt with V95 alloy,'gare

at Low Temperatures should be taken to eliminate sharp stress

Rgﬁam' szan’“llgﬁ;i‘ concentration perpendicular to the action of
A 8 10113 the forces. Masslve structures are conven-
Zion g ; E iently made from allcy V93, which has supef—

A) Test temperature ilor casting propertles and hardenabllity and
(°c); B) o (kg/mm2)

‘higher property uniformity. Alloy V96 is

used 1in particular for stressed structures

‘that will operate for long perlods at temperatures no higher than 100°.

Alloy VAD23 may be used for heavily loaded structures, including those

intended for long-term work at temperatures up to 160-180°. Alloy D16

1s used for structures under medium loads for long-term operation at

btempebatures below 150°. It 1s usedvto fabricate skin panels, stringers,

bulkheads and spars for aircraft, structural frameworks, truck cabs,
' 2018




A) Direction and lccation of s ecimen cutout; B) mechanlcal properties -
after heating for; C) hours; D§

—~— CRp—— e
. \\_\\ J\; - " -
: 'A':‘ i :;1:..-
Meonanteal Torotie Tregore Mernartoal Torrrealtue Fros
tles of VHOATI ALlow avt pervirs of NV UATI-ALlew
Elevated Tcerperaturac® Ctects at Elcvited Tempera-
tures ’
| ! ?t TS —— - —
Tewn-pa F '.'1 ’§ cepl 0 WY st el " ‘ T e
WOt A :l .zt Eiict od L D oin way
HUA (""Ig:lilgﬁi'géz i 4 : : ’
e RN I SRR
| e R | ::z':::l HER I
s ema Ju Ju e l-, 70 - ‘
10 200 R4 {u (4N AT
FEE LR A) Test tenperature | u);
i R T I B) Eqzni ©) 9_ppes D) ke/
[l e

*Sheet up to 2.5 mm thick.

a) Teqt temperature (’C); b)
kg/mme; c¢) minimum; 4) typl-
cal.

TrAOF 7

tuflucnce of Heating time
to 150° on Mechanical Pro-
pertles of V95T Alloy Pro-

files*
A l MeT U eCRNe €1 eacTIa meeae
[ H21I e 1 IeyeHRe
Hanpanaeinre e ————
M MUCTU Tede ton wae, ! 200 are
peakn (fipass T T T T Ry o e

1T
" i . -
D ' (o mayt 5 Lim u‘)l (99}

1Ipo-Luatran E ‘, !

qACT BICAR i ’

HUJGRHGE T St.5 Frea 47,0 15.5
Haronnoska 4

MRS L) his I

JAoKna ... %6.5 | ¥.Y 31.0 A )
Aarognonka l

noneper  po-

A KHA 52.¢ l 3.8 9.0 .8

*Propertles of V95T alloy n the initial state: profiled part
along fiber (c = 62 kg/mm<, = 7.3%); butt, .:th Jiver (Ub =

= ué.) kg/mme, 5 = 8.5%); butt across fiber S Q 53.0 kg/

/mme<, = 3.5%)7 After heating at 100 and 125° for 100 and

200 hou s, the properties of the profiles show little change;
0, has a tendency to rise slightly (by 1-3 kg/mm2).

kg/hm ; E) profiled part, with fiber,

F) butt, with fiber; G) butt, across fiver.
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Inflience of Heat!in, Time on Mechanical Properties
cf V5T Alloy Freflies at Elevated Terperatures

MOIABRIWCUNE CHORCTHE HC 3 HAT PERE 1 TCNE NS

Town-pa Hanparienne rupeany -~
weny - 0 prana pe 30 wnn. 180 wae. 200 wae
Ban () N
o » I N 0, ‘ I LA e
A B F (%2 mm?) | (%) (xatam?y | (%) [ (emnny! (%)
100 fIpotumuan 16T B0AH :
POTOKHA « v « s o o o o o o 7.5 9,0 59,0 g2.% 59.0 10,5
¢ HAKOHNONKA RIOJN 10R0kHa | 57,9 12.0 58,0 12,0 58,0 1.9
SAROHUCHKE NONCPEK HOJTOK-
:q DR o ts o v v v oo s o 53,0 8,0 4,0 5.0 54,0 $.60

l‘}..';G Mpodniannan wacrTn  haoan )
BOJOKHA o+ + « v v + s o o o 55.0 9.0 53,0 10,5 50.0 1.0
H | 3anonnonra naoan nomowus| 54,0 | 14,51 33,0 } 14,0 32,0 | 13,0

............. 51.0 9.0 48.8 5.5 | 47.% 7.0

130 G | Npodnarwan wacrn  ngoan
HOMOKHA + + & ¢ o o o v o s 49,0 11.0 §0,0 1.5 35,0 13.0

H | Saxonuonka nponw wonowua| 50,0 13.0 44,0 15.0 38,5 16,5

3aKOKNOLKE NONEPEK HONOK~
I e ..., e .| 48,0 0.0 40,0 7.0 | 35.% 9.5

A) Test temperature (°C); B) directlon of specimen cutout; C) mechani-

_cal_properties after heating for; D) 20 minutes; E) 100 hours; F) kg/
/hmeg G) profiled- part, with fiber;iﬁs butt, with fiber; I) butt,
across fiber. '

TABLE 10
o Typical Mechanical Properties of Alloy V96 at 20°
Bua nnny@nOpuA ]B Hanparienue E | % | %a| ™ N HI
xarta | Mwpesxy chpastia (k2 aex?) (%) | (e

TIpeccorawune npo-LilpodHaLHAA  MacTs

-2
e -

$NAR C SAKOHUO! - RAWIL HOJUKHE . .| THOO | 52.G | 84.0 | 68.0 180
rod o | Janomitonka  paoan . .
ROJOKHA . . (T . 6860 | 50,0 t 63.0 | 66,0 7.0 190
[Ipeccorauie nake- | Banan 1oaokxna I.. - - 63.0 /65,0 8.0 -
i ‘;ﬂﬂﬂm"t‘" 8= !ino mupune . . J. .| - ~ | 58,0 6.0} 6.0 -
H

A) Form of seméfinished product; B) directlon of specimen cutout; C)
Onte’ D) kg/mm=; E) extruded profiles with butt flare; F) profiled part,

‘with filber; G) butt, with fiber; H) extruded panels 8-16 mm thick; I)
- with flber; J) crosswise.

etc. Alloys M4O, D19 and VADl are used for structures that will come
uﬂder moderate loads, 1lncluding welded-up desligns to operate at temper-
atures up to 250°.

Ailoy AK8 1is used for stressed constructions operating long-term
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nlial frorertiye o f VS Alleoy at

' 1% A T
CRRL %D B TN : T T e m—
E ¢rvem) ! )

' ) T
Tipoduan npeccor anise C H Tr.u " Tm 'I0.0! $.0

A) Form of semifiniched prcduct; B) kg/
/mmg; C) extruded profiles.

TABLE 12

Physical Properties of High~Strength
Aluminum Shaping Alloys

P
I IT T T(2n) . “jy
l""'“g l E(n r) F (ra wn m) ! (xa.4 caa con *C) ' 1-°C)

195 2,85 0,042 (1105T) 0,37 (257 L 22r =360+ 207)

E - | F - 0,38 (4u0°) i 26,2020—-400%) G

Ho48 ’ LT u,osmumﬂ')f ".27(257) 22.%4 (20—100°)
Hi -~ i - T 0.39(3u00%) 26.68(100-~200°)

A) Alloy; BZ g/cm3; C) ohms-mmg/h- D)
cal/cmesec+°C; E) V95; F) VO5T; G) from
-50° to +20°; H) V96; I) V9OT.

at temperaturcs below 100°; in [fabrication of large forgirngs and stamp-
ings, the pleces lose consliderable strength and a tendency to overheat
makes 1ts appearance. Englne subframes, bailroad—car tires, and heil-
copter rotor blades are made fror AK8 alloy. Attempts have been made to
use this alloy (and certaln other aluminum alloys) for coal-mine sup-
porting pillars, but 1t was found %hat sparking occurred when these me-
tals were struck against steel — ar 1nadmlissible hazard for mines,
where the atmosphere may contain inflammable mixtures.

_ All large, solld and complex-shaped semifinished products made
from the high-strengih alloys must be given UZ [ultrasonic] inspection
1n order to detect internal flaws (cracks and separation); the surface
layers must be eddy-current tested and given careful visual inspection

with a magnifier, particularly after the Ilnished pieces‘have been
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‘References: Mikheyeva. V.I., Khimlcheskaya priroda vysokoprochnykh
splaves alyuniniya s magniyem 1 tsinkom [Chemical Nature of High-
Strength Alloys of Aluminum with Magnesium and Zinc], Moscow—Leningpad,
1947; Legkiye splavy. Metaliovedeniye, termicheskaya obrabotka, liﬁ‘&e
1 obrabotka davleniyem [Light Alloys. Physical Metallurgy, Heat Treat-
ment, Casting and Mechanica} Working], collection of articles, Moscow,
1958; Fridlyander, I.N., Vysokoprochnyye oeformiruyemyye alyuminiyevyye
splavy [High—strengfh Aluminum Shaping Alloys]}, Moscow, 1960} Deformiru-~
yemyye alyuminiyevyyé splavy [Aluminum Shaping AllojS], collection of
articles edited by I.N. Fridlyander [et al.], Moscow, 1961; Stroitel'-
nyye konstruktsil iz alyuminiyevykh splavov [Aluminum Alloy Structures],
[collection of articles], edited by S.V. Taranovskly, Moscow, 1962;>
Mekhanichesklye svoystva nekotorykh konstroktsionnykh staley 1 splavov
pri komnatnoy 1 povyshennykh temperaturakh [Mechanical Properties of
Certaih Structural Steels and Alloys at Room and Elevated Temperatures],
Moscow,‘1957.

| I.N. Fridlyander, T.K. Ponar'ina

Manu-
§§§2pt [Transliter=at~? Qymhnls]
No.
2011 TY = TU = tekhnicheskiye usloviya = teohnical.spécifications’
2011 TOCT = GOST = Gosudarstvennyy obshcheso"uznyy standard
State All-Union Standard
2013 nu = pts = proportsional'nost' = proportionality
2013 a KP kr = kriticheskiy = critical
- 2017 H = n = nadrez = notch

2017 CP = sr = srez = shear
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HIGH-STRENGTH CAST MAGNESIUM ALLOYS are magnesium alloys with ul-
timate of nc¢ less than 21 kg/mmz, intended for mold casting of detalls.
These alloys include theé types ML4, ML3, ML6 (GOST 2856-55, AMTU L88-63)
MLY4 pch, ML5 pch (AMTU 4EB-62, see High Corrosion Resistant Cast Mage
nesium Alloys) of the Mg — Al — Zn system and the type ML12 and ML1S
(AMTU 488-63) alloys based on the Mgz~ Zn — Zr system, Fcr the chemical
composition of these alleys cee Magnestum Alloyc. The mechanical pro-
perties of the alloys are given in Tables 1-5, the physical properties

in Table 6, information on the nrecessing properties in Tables 7-8.

TABLE 1
Mechanical Properties of High-Strength Cast Magnesium Alloys at Room
Temperature¥
1 2 | o J’H" T | ™ 8 e e A, ' Ty | % ]"’ep | LR DL
Coass Pp:-ouu;nv" - : S a, R HA — e ot
pabury : 2  fxs wat o4 h,
traan & ‘ %) ) § e ) fram e lo [ j7rng:::: 'nng;;l:r-e []
9 M4 10 arop - 1800 0~ L 9.8 118 |33 , ¢ - - - t3 13 [ | 30 ! [ toes
T 4200 | 1800 | 1.0 | @3 j::-.'s s=9 15 | w - [T RNEER 0.4 w0-as by |
Te Pazoo | 100 ] 4 | 1e s -2y 5 {28 ’ - | m - [} ] 4.3 0.2 | €-73 . 2 [
M 1o lwrol | 4200 | 1any | 9.5 [135~18 “:—: I & i - - - {2 - - Su-sy 8.5 '; 1
T4 | 4200 | 1600 I ) 8.5 (225 lsee | s 1383 | 1~8.80 4 a3 ]ass 0.5 ! so-as [ ]
Te | 4200 | teno | 4.8 |1z |2a-2ss !2—5 faatm - ¢ {11 s 0.3 e s |7
M8 |10 Twrom | 4200 [ 1890 — [ 11 | (5=16 1=t 5 2~ - - - - - ! [T ] I !
T4 ] 4200 ! 1400 ! 3.5 [0 Vazoas ';—s 2 - - - - - | 53-8 ) ‘ 7.3
16 Pazeo [gsuo | s s | 21z ! ) - - - - S P N Co
M2 | 1o Jwron 4400 | 1830 | T—8 | 9—12) 2032 (8=12 ] 8 - ] - - | = sl e | snee I ) »
T VLU T E A U I R R R T R T I B S TS UL E P PO TR R TO S Y Su-an 7 ?
Te §400 | 1830 | 89 Jrh—re] 3 fs=s | 7 34-29 12m04 ) 8 10 fiss . a4 Foasare | -
M L Tt 4300 ) wssu | w a—esluiezz Taew f s fam [ -as e a1 fas | ez LIS T ) |1
! : !

*Lower limit of properties 1s minimal, upper limit is typl:cal.

1) Alloy; 2) temper; 3)o pts; 4) T sr; 9) kgm/cmz);_é) (kg/mmz); 7)
smoothe specimens; é) notched specimens; 9) ML ; 10, as cast.
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TABLE 2
Mechanical ’roperties of High- Strength Cast Magnesium Alloys at High
Temperatures
N 2 tyu* tane . a0 |“_ ‘f""' ' o )
anes P,;;: reowms | o, | 8 o | Saje ] & o, ' s !n “! R u; L5 | ""',.i"':,"{__” i_“. TR
3i(sa/aumtl (%) 3 (rmuh) | ) 3 uu--'; | % | 3 (xs'mm?} | F 3ixe raety i
R R R I eI
uas T R ﬂia;& SN
uaa ) | = IR R TS S B A R I S O S A SO O S S B
NS [ T ‘ -1 - ‘u s s [ t'n,'. {"J.'a i TR i“.;‘,'-;‘T“:.T{‘.‘.T“‘i;-.".;‘j —.;__‘ .v-c—
*Prgpeties g; ML15 alloy at 350°: o, = 5.5 Kg/mm“<; 9.2 = 3.7 keg/
16%. : *

1) Alloy; 2) temper; 3) (kg/mm Y; 4) ML .

TABLE 2

Creep Iimits (pe
formation 0.2
Rupture of High-
Cast Magnesium A
100 Hours at Ele
peratures*

rmanent de-~
Stress to
Strength
lloys after
vated Tem-

100°1150% 2091150 ]200°] 250°
VN RIS joe]
:% ~ -
H B !.; i
{4 g s 223
g 2% &2 k]
M4 Hezoanoe| !
4 $ COCTON-
AR A S
T jes{ztluii = 2] 2
E) T 77.1 2.3)0.818,5) 5 2.3
L E T E 301 RO EAsag GG i)
nJ6 T4 [1.2]2.4]07) | =] =
T6 '7.5’2.6{1 ‘_l-l-
M| TH,T6 | = |4 j2.5)8 4 |2
M5 T1 —,—’.'—‘6,5’_

*#Figures for specimens
Individually cast in

sand mold.

as cast.

.}gm%l}ozs 2) t?mgir, 3) (ke/

Most widely used in Soviet indus-
try is the ML5 alloy (&% Al, 0.5% Zn,
0.2% Mn), which has a favorable com-
bination of high mechanical and proces-
sing properties. The ML4 alloy (6% Al,
3%.Zn, 0.2% Mn), which exceeds the ML5
alloy in corrosion resistance, finds
liﬁited application because of the
high tendency to formation of hot cra-
cks and micropecrosity in castings (see
Defects of Magnesium Castings). The
ML6 alloy (9.6% Al, 0.5% Zn, o0.15% Mn)
has the highest yield point of the
high-streﬁgth magnesium alloys of the

Mg — Al - Zn system, the drawback of

this alloy is the low plasticity at 20°.

The ML12 alloy (45% 2n, 0.6% 2Zr) and the ML15 alloy (4.5% Zn, 0.9% lLa,
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0.7% Zr) exceed the ML5 alloy in yield strength and are equal.to the
ML6 alloy. A typical value of the ratio gg;g_ for the MLS alloy 1s 6.&5,
)
for the ML12 alloy it is 0.5%, and for thg ML15 alloy 0.65. In compari-
rison with the ML5 and ML6 alloys, the ML12 alloy combines a high yleld
point with high plasticity, which permits using it under conditions of
high static and alternating loads. With regard to plasticity_ at é0°,
the ML".5 alloy occuples an intermediate position between the ML12 and
ML6 alloys (minimal values of & equal to 5, 3, and 1% respectively).

TABLE 4

Mechanical Properties of High-Strength Cast Magnesium Alloys at Low
Temperatures

1 Pen:nnﬁﬂ-p- TeMn-pa E | Oy | o 8 | L] a
. - RCNKWETH-
Cnaas 2 ..;m‘;mpa 3 HUA 7'(?) L] (x8 mm?) %) (wan cm®)
M3 T6 —40 -} - 23 s 6 0.3
. =10 I 25 4 6 0.3
Zi9s - |17 pts 2 11 0.3
T4 -{9b - - - - - 0.4
M6 T4 —70 - - 27 5 8.3 0.3
| T8 =70 - - 27,8 1 2.8 0.1
M2 Bey tepuny, -70 - 16 23 2.8 - 0.6
oOpaboran
? Tt -70 - 20 25 2 - 0.4
TH -70 - 20 26 t.5% - 0.4
M1 T ’ -70 4300 ‘ th.s | 21 | - 0.18
—196 | 3000 | t6 22 <1 ! 3 0,15
1) Qlloy; 2) temper, 3) test temperature (°C); U4) (kgm/cm ); 5) (kg/
; 6) ML 7) without heat treatment.
TABLE 5

Moduli of Elasticity of ML12 and ML15 Alloys at High Temperatures |

=
1 2 Elsais E 4B, |stewm !
- FLd as
: 33| 53t
3 a Z:Ex 6 (%2 mnt)
§ |2gg| &i%
M2 Tt 150 3400 | -~ | 3500
200 300 -~ | 3100
7 250 230 - ] 2500
TS 150 - - | 3500
200 - - | 3100
250 - - | 2800
MI1s T1 150 3660 | 4300 | 3900
200 3200 { 4200 | 3900
? 250 3000 | &100 | 3300 v
300 - | 385 ] = :
350 - | 3800 | -
400 - | 3700 -~

| l) ﬁlloyS 2) temper, 3) test temperature (°C); 4) Egys 5) Egps 6) (kg)

o
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TABLE 6 _
Physical Properties of High-Strength Cast Magnesium Alloys

: 3 Cnanan
CaoficTsa - ‘
PMAETS | MAS-T4 | MA6-T6 | M112-T8 }n'ns T
SYR B . . . o e e e e e e e 1.83 £,.814
QIOHI‘C):-mpums '8 1.8 3
29100 . . .. L0 e e e e e 26,4 26.8 24 | 26,2
zu—:oo- ............. 27.6 e

1.
28,
L 2s
7. 1 g;
6\ (vgAcm cex.*C) Npm 25° . . . . ., 0.
€ (xaas/?-°C) » nuvepsance 20~100° 0.

Qommm?m) . . L. .

Nu-‘*.‘ .

3
2

1) Properties; 2; alloys; 33 ML ; 4) s specific welght; 5) 1n range; 6)
A (gal/Lm-sec- C) at 25°; 7) ¢ (cal/g-°C) in range 20-100°; 8) p (ohm-

The ultimate strength at rcom temperature of tﬁe ML5-T4 and MLl2-
~T1 alloys on individually cast specimens is practically the same (23-
-26 and 22-26 kg/mmz) while that of the ML15-T1 alloy 1is 21;23 kg/mmz.
The small varlation of the mechanica) properties of the ML12 and ML15
alloys as a function of the section thickness permits obtaining castings
made from them Qith small scatter of the mechanical properties. Detaills
made frbm +he ML12 and ML15 alloys have higher strength than those made
from ML5. Long-term heating of the MLS5-T4 alloy for 200 hours at 100
and 125° causes practically no change of g, and & at 20°; heating at 150°
somewhat increases oy (by 1.2 kg/mmz) and reduces & (from 10 to 5%).

With regard to ultimate strength at elevated temperatures, all the
high-strength cast magnesium alloys are practically equivélent. Heating
specimens of the ML5 alloy at temperﬁtures from 100° to‘175° for 200
hours has no effect on the values of the ultimate strength and elonga-
tion at these temperatures. The yield point of the ML12 and ML15 alloys
at temperatures from 150° to 250° 1is 30-40% higher than that of the ML5
alloy, the ratio ——= J0.2 is about 0.32 for the ML5 alloy, for the ML12 ‘
and ML15 alloys 1tbis 0.6 on the average. The yleld points of the alloys

in tension and compression are practically the same (see'Table 1). The
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ML15 alloy, allbyed with lanthanum, exceeds the ML12 alloy in ultimatc
strengtis and stress-rupture strength and has the best strength at high
temperature of the high-strength cast magnesium alloys (see Table 3).
The MLY5 and ML12 alloys have high creep resistance in comparison with
the alloys of the Mg — Al — Zn system (see Tatle 3) and are recommended
for long-term use to 200°, the ML4, MLS,VML6 alloys are recommended to
150°.

The endurance 1limit of the alloys at 20° is in the range of 7.5-10
kg/mm2 (see Table 1). The alloys ML12 (as cast and in the Tl temper)
and MIA4-T4 have the lowest notch sensitivity in endurance tests - the
effective concentration coefficient ﬁk is equal to 1, 1.07 and 1.1 re-
spectively; for the ML15-T1 alloy ﬂk is equal to about 1l.3. With incre-
ases of the test temperature to 200° and 250° B, for this alloy is not
reduced (o_, = 5 and 4 kg/m°, o_} = 3.5 and 3 kg/mn° at 200° and 250°
respectively).

For short-term operation the high-strength cast magnesium alloys
are used to temperatures of the order of 250°. For loadings of duration
up to 5 minutes the ML15 alloy may be used to 300-350°.

The high-strength cast magnesium alloys have satlsfactory corros-
ion resistance. The ML4 pch, ML5 pch (high purtiy), ML12 and ML15 alloys
have high corrosion resistance. [ctalls made from the high-strength
cast magnesium alloys are used with surface coatings (inorganic films
and paint coatings). Locations of contanct of magnesium details with
other alloys are subjected to prctective treatment (see Corrosion of
Magnesium Alloys). .

The MI4 and ML12 alloys are used without heat treatment and in the
heat treated condition. Of the high-strength cast magnesium alloys, ML1l2
has the highest mechanical properties in the cast condition (ob = 20 =

~ 23 kg/mn?, Jg.p =9 — 12 kg/hmz; = 6 -~ 12%). The heat treatment re- «.

JPr
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‘gimes which are most often used are: for the MIA, MLS alloys, solution

treatment after casting (T4); for the MI6 alloy, solution treatment and
aging (T6); for the ML12 and ML15 alloys, aging after casting (T1) (for
heat. treatment regimes see Table 7).

‘The MI4 alloy has the widest crystallization interval (21C°) and
is characterized by high tendency to formation of microporosity and hot
cracis in castings, lowered hermeticity and fluidity in comparison with
fhe ether high-stfength cast magnesium alloys. It is used for casting
into sand forms; casting into chill'molds and pressure casting are not
recommended. ‘

The ML5 and ML6 alloys are used for casting into sand forms, into
chill molds and for pressure casting. They have goed casting prcperties
which make 1t possible to produce complex and large castings (see Cast
Magnesium Alloys). The ML12 alloy has satisfactory casting properties.

~In cemparison with the MLS5 alloy it has high tendency to formation of

hot cracks during casting of thin.wall details. Alloy ML15 exceeds the'
ML12 alloy in casting properties, castings made ffom it are characteri-
zed by high density and hermeticity. The ML12 and ML15 &alloys are re-
commended for casting into sand forms and into chill forms (Table 8).
The processing properties of these alloys depend on the zirconium con-
tent (grain refining agent). The best mechanical and processing proper-
ties are obtained with a zirconium content of 0.8%. Thanks to the small
grain size the variatioﬁ of section thickness hes less effectkon the
mechanical properties of castings mad: from the ML12 and ML15 alloys
than on those made from the ML5 alloy. Details made from these alloys
have higher and more uniform mechanical propertles.

According to AMTU 488-63 the average value of the ultimate streng-
th of specimens cut from castings of the ML12-T1 and ML15-T1 alloys
must be no less than 85% of the ultimate strength of individually cast
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speciments, i.e., 18.5 and 17.5 kg,/'mm2 respectively, regardless of the
wall fhickness._On specimens cut frem castings of the ML5-T4 alloy with

wall‘tﬁickngss'@ore than 20 mm, o, must be > 15.5 ke/mm? ({.e., about
70%). dﬁ_speciﬁgné cut from thin-wall (up to 10-20 mm) castings the av-
erage value of ihe ultimate strength is about the same for the MLY-T4 | ?
and ML15-T1 alloys, l.e., 17-17.5 kg/mn°, The average values of the
yield point of the high-strength cast magnesium alloys are different on
individually caét specimens and on specimens cut from details. The av- -
:erage valﬁé of the elongation of specimens cut from detalls must be no
less than 60-65% of the minimal values of the elongation of individually
cast specimens. In casting detalls from the HL12 and ML15 alloys account
must be'tgken éf thelr greater shrinkage and increased tlrermal conduct-‘
ivity; thérefore, increased riser sections must be used in comparison
with the MLS alloy. The casting temperature for details made from the
ML12 and ML15 alloys muct be 10-20° higher than for the MLS alloy.
| Taking account of the high hot brittleness and oxidizability of
the MLLE'allby, use 1s recommended of core mixtures with maximal pli-
abllity and high gas permeability, uniform supply of metal to the form
and nonturbulent filling.
The weldability of the MLA4 and ML12 alloys is limited; only small
defects can be welded over. Argon-arc welding is used for the ML15 al-

loy, the ML5 and M16 alloys are quite satisractorily argon-arc and ox-

_'yacetylene welded. In oxyacetylene welding use is made of the chloride-

free VF-156 fiﬁx. Depending on the size of the defect being welded over,
heating (either local or of the entire detail) is used prior to welding
— to 300-370° for ML5, ML6 and to 300-290° for ML12 and ML15. The fill-
er material is extruded wire made from the alloy belng welded, except
that for the ML12 alloy use 1s made of wire made from the alloy of the

Mg-Zn-rare-earth metal-Zr system.
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TABLE 7

Heat Treatment Regimes for the High-Strength Cast Magnesium Alloys
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1) Alloy; 2) form of casting;
ment; 5) aging; 6) annealing;

(hours); 9

wall thickness to 12 mm, castings in
of thickness to 25 mm, cooled by inst
ive sections are not over-cooled they
16) sand and chill mold casting; 17)

3) temper designation;

7) heéating temperature;

cooling medium; 10) ML ;
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ug)

solution treat-
soak time

1) sand mold; 12) air; 13) 1. Sand
and chill mold casting. Castings with wall thickness more than 12 mm
cast into sand forms and having massiyve portions of thickness or dia-
meter more than 25 mm; 14) or; 15) 2.!Chill mold castings; castings with

and forms having massive sections
llation of coolers

(1f the mass-

may be considered in group 1.);

hot water; 18) same.
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TABLE 8

- Processing Properties and Solidification Temperature of the High-Stren-
gth Cast Magnesium Alloys

2 Cuasnu '
Caolcrsa
' IMac | Mas [ N6 maz | M ¢
¢ Toenuf-pa Masana KPWCETaIAN- )
sanum (*C) . . . .. . 610 LI [4:11] 630 650
s Temn-pa kOUUE NPHCTIAIN-
sanmm (*C) . . . . . . . . 400 430 40 (1] [ 1]
Y Hurepsad xpucratanzaunm
D PR 210 1t 1ty 180 91
JJunelnan yesaxa (%) . t,2=1.4 1,1—-1,3 1.1=1.2 1.3=—1.4 1,3-1.8
s HNAKPOR YW Th,  BAPC1e-
. T ARENAA DO QLITHHE OoTasTuern
NPYTHA (am) . . L, . 243 290-300 330 290 320
Craounoces ® ofpasonsmine
® ropauix TPCUWIRH, OUPEIRINe.
MAA N0 GHPIHE HOABIA W MM,
NP K-pol HOABIHOTTH (IepSan
THENBINA e e 37.9% 30-38 21.% 32.%~1, 27,5-3)
CHAHHOCTR K 6P W RAHKID
10 MukPOpRETOTN (cpeannA Sana
WIHEOPRINOTH N CnAeps
WARKRI  MI0poIa 20 cm?
si100® ... .. ... 70,0 11 4n.0 12 . n.0 -
(PMCONER) (Cpeannn) (cpemn)td  (epeaunm)t2iss
13 Fepueruanncrs . . . . 14 [1onmwennan CienA 12 Cpessnn 12 - [l mamennan
16 Temn-pa anrey aertaned (°C) 700~840 Toy—N00 700 —-8060 160 ~R00 T80=m00
17 Pexumennyeswe onan Iutsn | I necwanyw | B uecwany | B nectanymo | B uerwanyo | D necvanym
18 $opmy Qopuy, B ko) Guipy, 8 KO- | pripuy, B8 Nom [ipopley, B KO-
KNI, MO1JaR-IKKAS, 1113 (88- LAY Ki.1L
AcHRen ACHRCN
19 19 ;20 | 30

1) Properties; 2) alloys; 3) ML ; 4) temperature of crystallization in-
itiation (°C); 5) temperature of crystallization termination (°C); 6)
crystallization interval (°C); 7) liner shrinkage (%); 8) fluidity, de-~
termined from length of cast rof (mm); 9) tendency to formation of hot
cracks, determined from width of ring in mm for which the first crack
appears; 10) tendency to formation of microgorosity (average micropor-
osity number with hydrogen content of 20 cm3 per 100 grams); 11) (high);
12)(average); 13) hermeticity; 14) low; 15) high; 16) detall casting :
temperature (°C); 17) recommended form of casting; 18) sand form; 19)
sand form, chill mold, pressure; 20) sand form, chill mold.

In the melting of the alloys, use 1s made of the V13, V'2 :hloride
fluxes, special fluxes (for the Mg-Zn alloys), the chloride-free FL1

- flux which refine the molten metal of nonmetallic inclusions and pre-

vent 1t from buring. A fluoride flux is used in the final stage of the
refining and as a covering for the pouring of the alloys of the Mg-Al-Zn
system into the forms.

To refine the grain of the ML4, ML5, ML6 alloys use is made of mo-
dification — heating the liquid metal to 850-900° or the introduction
of substances containing carbon (magnesite; chalk, etc.), see Modific-
ation of Magnesium Alloys. Introduction of zirconium 1nto‘the ML12 and
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ML15 alloys 1s accomplieshed with the ald of a ligature of magnesium

~with 20-50% zirconium obtained by smelting magnesium with potassium

fluczirconate (KQZrFG) in the presence of salts which reduce the tem-
perature of the reactlon — carnalite or a mixture consisting of lithium

}chloride andpotassium fluoride; triple ligatures of Mg — 2Zn — Zr are

also used.

- In the melting of alloys containing zirconium (ML12 and ML15) al-
loys containing aluminum must not be allowed to enter the charge. Alu-
minum and silicon impurities (hundredths of a percent) load to the se-
paration of the zirconium from the molten metal.

| The'high-strength cast magnesium alloys are weidely used in var-
ious branches of industry. The MIL4 alloy is used primarily for protec-

tors in shipbullding; the ML5 alloy 1s used for details of fligh€§§é- CooToE

hicles (wheel parts, control details and airplane wings), accessoryvde-

tails (housings, oil pumps, and many others); in the auto industry for

engine crankcase castings, treansmissions, motor vehicle wheel parts;

in the tractor industry for transmission cases and in many other branch-
es of the national economy (see Cast Magnesium Alloys). The ML12 and
ML15 alloys are used for casting details of flight vehicles. Thus, for
example, the ML12 alloy is wldely used for casting airplane wheel
parts. The ML15 alloy 1s used to cast detalls of housings, accessory
cases, etc. |

- References: see article Cast Magnesium Alloys.

N.M. Tikhova
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HIGH-STRENGTH STAINLESS STEEL is steel which has high strength and
is resistant to oxidation in a gaseous medium at temperatures to 600°.
In many cases the fabrication of detaill parts from high-strength stain-
less steel permits considerable reduction of the weight and size of
machinery, which is of particular importance for aviation and other
transport equipment. The EP65 aﬁd VNS-6 high-strength stainless steels
belong to the martensitic class; thelr high strength 1s achieved by L.z
use of quench with subsequent low tempei. Using this heat treatment
the ultimate strength of the steel depends primarily on the carbon con-
tent. With regard to temperature resistance,'fhe high-strength staine
less steels are not inferior to the pearlitic class high-strength steels
which are widely used in industry (30KhGSA, 3OKhGSNA, 30KhGSNMA, EI643,
30Kh2GSN2VM) and at 450-500° are superior.

The EP65 and VNS-6 grades of high-strength stainless steel are
12% chrome steel of the EI961 type (see Martensitic Stainless Steel)
with high vanadium content (EP65 steel) and molybdenum content in-
creased to 2% (VNS-6 steel); the carbon content is also increased in
both steel grades; High-strength stainless'éteel is produced in the
form of rod, forging blanks, and sheet. '

The effect of tempering temperature on the.mechanical properties
of quehched EP65 steel 1s shown in Fig. 1.

The fatigue 1limit 1s determihed on the basis of 1l- 107 cycles; the
specimen notch radius is 0.75 mm. The modulus of elasticity of the
EP65 steel 1s 19,00 kg/mm .

The effect of tempering temperature and quench termperature on the
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VNS-6 steel (oil quench from 1050°). 1) o, and 99,00 ke/mm%; 2) a,
xgm/cme; 3) tempering temperature, °C; A)Qn. . ' n

04s.8, ae/m
8
E
Y :

ol ¢ jof T i}.«t#;

50 000 1030 05C 1020 19
) 3 Tennsseayse sirosny,C 2 .
Filg. 3. Effect of quench temperature on mechanical properties of VNS-6
steel (tempered at 650°): «waus ) air quench; ) oil quench. 1)
T9.2s kg/mme; 2) a, kgm/em?; 3) quench temperature, °C; 4) an.

2n2K




II-29N2

TABLE 1

Mechanical Properties of High-Strength Stainless
Steel (No Less Than)

e —

o, ]ao.. ) ' v {4 oy 5un
3 (xa/nmt) %) (x1micat) | tdigpy, mx)

Cran Tepuuy, o8paloria
T2

33X1IHBMOA Hngnnlunua? nea '

(9118%) 1050%, sakanna ¢

6| 1050-1070°, oxnam-

ACHNG 9 MACTE RN Ma

3003502 T P sy | 4o
J00—-330* . , , . . 1 1 -

BHC-¢ 8 Ilopmannsaann apx 0 ‘o : 2.1-3.2

(911311) 1050%, sakanma ¢

9 1050° » uacne, or-

nycx nps 300° . . .| 163 130 11 1} y 4 {2.7-3,08

1) Steel; 2) heat treatment; 3) (kg/mmz); L) a, (kgm/cm?); 5) HB (dotp’

mm); 6) 23Kh13NVMFA (EP65); 7) normalize at 1050°, quench from 1050~
1070°, oil or ailr cooling, temper at 300-350°; 8) VNS-6 SEP311); 9)
normalize at 1050°, oil quench from 1050°, temper at 300°.

'TABLE 2

Stress-Rupture, Creep, and Fa-
tigue Limits of EP65 Steel

E g al.‘ ao.t/.u (u;-"g!)
o;repn!. .; . a
padoTxe i3
:g (Na]am® i;l{;§5
! ) 2.
1 3 g o n a;g
(o8] 88 X g v
3aranka 20 - - 60 | 43
c 1050°, ox- | 400 140 87 — -
Jawga. e macae, | 450 100 82 50 0
o‘rnr‘n npu 500 70 21 50 ' 30
50° 6 550 | — - 50 ‘ 30

1) Heat treatment, 2) test temperature (°C); 3) o 1 (kg/mmegg 4)
smocth specimens; 5) notched specimens; 6) quench™ from 1050°, oil
coolad, temper at 550°.

TABLE 3

Variation of Elastic Modulus of
FP65 Steel With Temperature In-

crease

Teun-pa 3 x

NenWTa. .
Tepuny. ofpaborxa 1| wn'tocp xe; mamt)
Sawanna ¢ (020—1030°, 300 17300
oRAANACHNE B Mache, 400 18 200
ornyck ppu 530-350° 450 18 700
500 15 800
4 550 15 200

1) Heat treatment; 2) test temperature (°C

e ) ;) E (kg/hm?; 4)'Quench -
from 1020-1050°, oil cooled temper at 530-5 . EETEE
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1) Heat treatment;
notched specimens; 5

TABLE 4
Stress-Ruptuse, Creep, and Fa-
tigue Limits of VNS=6 Steel
g!.? ey
:.- . ofhpan- ' afpas.
Tepuny, 2 - Py
oBpaGorna ;E Oine °~‘1’vm '::fm,e' :ll;fu‘:e-
3 pena ) Mowm u
1 "7-5 (v mu?) v
3axaana 6 c| W] - ‘ - 83 p L3
1030°, oxna- [450] 90 58 - -
wacnne » ma- 5001 68 32 - -
cae, ornycek {350f 50 23 50 28
npw 58¢° 610! 3% — - —
3ansnxa el 20§ ~ - - -
105u®, oxan- [430] RO - ] e -
agcHne » Ma- {500) 54 21 | - -
ene, ornyck 530G A4 19° - -
npa 830° 600 35 15 - - -

*0On the basis of 1. 107 cycles;
radius of specimen notch 0.75

mm.
test temperature

(kg/mm?);

5)

(°€)s
6) quench from 1050°,

3) smooth specimens; 4)
oil cooled, tem-

per at 580°; 7) quench from 1050°, 0il cooled, temper at 650°,

- TABLE 5 : .
PhVSical Pr°pe§ties of High-Strength Stainless Steel -~
(v = 7.84% g/cm?) .

‘ a- 10 (1°C) A(xaacmex°C) 2

. O™ 9 | Z0-100% | 100-2007] 400-500°| 100e | 200° | 300° | 400° | 300° | g00*
BXIHBNGA g | 104 | 412 13.2 |o.0u8]0.051]0.084]0.037 0,081 0.08¢
Blice 8.7 9.8 | 11.6. |o.oualo.081]0.08¢]0.056]0.035]0. 081
(30311} n : ~

Note: Steels 23Khl3NVMFA and VNS-6 are oxidation
resistant in a gaseous medium at 600-650°,

i

Steel; 2) A (cal/cm—sed—°c
VNS-6 (EPell).
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TABLE 6

Hot Pressure Working Regime, Heat Treatment Regime,
and Fileld of Aplication of High-Strength Stainless

~ Steel
Penm npea.
Pemns ropm- | sapur. repuny Pexnn oxnnesr. TeDuNY.
Crans %eB obpaboran PIBOTHH M3 | o6paGurnn Na 8-28-noTpela- Tpuwenewne
KA e 8 de-fivcTan.
) ke zL &
il
23X AIHBMDA [Mearennwf wa- | [Tocre kosem, | 1) Jamanns ¢ 1050% oxaswe- | CANOBMS Aevanw, pabors-
(91189) rpes an 600°, NpOKSTRY, DEUNE B MACHE RAN N2 PON- UM R BUUC B M-
8aTCHM  YCKO- 8m?llnnlrl ayze, ornycn apn $30—~530°] Mow soaryze ¢ nonasa-
pPeMHMR 2 (M aaR cuATwe. g) Jaxaana ¢ 1U50%, oxasem-| TeaNmM npremcTN:
walvm HER —nopMa-|  Renne B macye l.!:o na n;w; oy 150 xa'mm® npy 400%,
“n jJ TH aAn3URR C ayze, orayck gpa 30(--330 - ataed *
uma » wnrep- [ 1000—1050¢ TR oP 9y 133 majmat npm 430,
pane t150- N ornyex 10 9, 11} wejum® npm 300°
900°, oxaam-| npn 750
Rehue » sone | 780° 12
RAN ropaves 15 16
Decxe
BlIC-8 To me Ll»To [ 1) 3axsana ¢ 1950° oxaaw- | Canonne gevanm, pabovs.
(A1311) 1 ACHNG B MACHE NN N3 9O8- wwre npe  600* po
14 Ayxe, otiyex npa $80° B1aMH0N BURAYLS
17 2) araanxa ¢ 10530%, ngxasme-
13 NEMNE B MICHE AIX NA DS 1
.5"' ormyck ppu §50°
18 $3) Jaraaxrs ¢ 1050°, osaam- | Cunonse neranm, Dalorva.
RSN D MICHE NN KE B0OI- ouwe npa 350°
Ayte, oruyck npx 300--350¢

1) Steel; 2) hot pressure workinﬁ regime; 3) preliminary heat treat-
ment regime at producing plant; 4) final heat trsatment regime at us-
ing plant; 5) application; 6) 23Kh13NVMFA (EP65) 7) slow heating to
600°, then accelerated heating to 1150°, hot deformation in the range
1150-900°, cooling in ashes or hot sand; 8) for softening after forg-
ing, rolling, or stamping — normalizing from 1000-1050° and tempering
at 750-780%; 9) 1) oil or air quench from 1050°, temper at 530-550°;
10,2) o0il or air quench from 1050°, temper at 300-350°; 11) structural
parts oper tigg up to 500° in moist air with strength characteristics;
12) o, mme at; 13) VNS-6 (EP311); 14) same; 15, 1) oil or air
gueth from 1050°, temper at 580°; 16) structural parts operating at

00° in moist air; 17, 2) oil or air quench from 1050°, temper at 650°;
18, 3) oil ‘or air quench from 1050°, temper at 300-350°; 19) structural
parts operating at 350°.

mechanical.bropefties of tempered VNS-6 steel is shown in Figs. 2 and 3.

The high-strength stainless steel has satisfactory corrosion re-
sistance in conditions of a humid atmosphere and fres water with a
éurface fip}sh of A7; passivation is used to improve the corrosion re-
s;sténce; l

M.F. Alekseyenko
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" . HIGH-STRENGTH STRUCTURAL STEFL -~ noncorrosion-resistant alloy

steel heat-treatable to a high ultimate strength (°b = 130-210 kg/hmg).
- Thejmaximum db of a heat-treated steel 1s governed principally by its
| C content. The C content should be ~0.40% in order to obtaln a g, = 200

lqgﬁmng after quenching and low tempering, 0.35% to obtain a O = 190
kg/mms, O. 28% to obtain a g = 170 keg/mn°, 0.25% to obtain a gy = 160
kg/nm?, and 0.23% to obtaln a o, = 150 kg/mm". Steel containing 0. 458
Cc can reach a Oy = 220 kg/hm after quenching and low tempering, but
has-a low plasticity and viscosity. Any further increase in the C con-

‘fént of quenched low-temper steel causes a simultaneous decrease in

strength, vlscosity, and plasticity. High-strength structural steel 1is
givén the necessary viscosity, plasticlty, and hardenabllity by alloy-
ing witﬁ Cr, N1, Mn, Si,3Mo, W, and certain other elements. The highest-
quality steels of this type usually contain Cr, Ni, and Mo; almost all
types of high-strength'structural steel are now also.alloyed with Si.
Less expenslve high-strength structural steels cannot contain N1 or Mo.
The content of detrimental 1mpur1ties, S and P, should be minimal. Ta-
bie 1 shows the alloy Steels which can Se used as high-strength strué-

~tural steels.

Steel of types 30KhGSNA 30KhGSNMA, VL1, and EI643, a=d less fre-
quently 30KhGSA and 35KhGSA 1s used in the manufacture of machine com-
pphenté-heat-treated'to high strength; type 30KhGSNA is most widely

used'aa a high-strength structural steel. Tables 2 and 3 show the chem~

1ca1‘composition‘6f these alloys and their mechanlcal characteristics

aftér various types of heat treatment.
' ' 2040




TABLE 1
Ultimate Strength of High-Strength Alloy Structural

Steel
L4 L] )y
Cram 1 (,,;:_.n) l 2 Ceans (u,:.,,, Crame ’ 22/ mm?)
y B .
JIXICHA .y ... .| 180—180 fanxHIA ] 1go—ina’ oxreat3 . L1702
AnXICHMA 4 DT T iso—1n0 TaaXHaMA C G UISTLIEES T b /SRS RE NI T
Y LTY DA 190—210 JInX2H2 nam 10 18i—180 § VTXC ],5 Iun=2n0
Swxuma 6100 180=208 DinXicA . 1] 16o—taa iy 2 " 1B, ol 1ao—inn
ISN2HTA ... .. 150—110 "'SXI(‘A CERRI12 0] 1es=1n i
7

1) Steos; 2) op (kg/mm?); 3) 30KnGSNA; 4) 30KnGSNMA; 5) EI643; 6)

LOKNNMA ; 7; 25K2GNTA; 8; 30KhN3A; 9& 33KhN3MA; 10) 30Kh2N2VFA; 11)

30KhGSA;12) 25KnGSA; 13) 35KnGSA; 14)733KnS; 15) 37KnS; 16) VL1.
TABLE 2

Chemical Composition of the Most Widely Used High-
Strength Alloy Structural Steels

24 CORLIIRINTE NEWCIITaD (%)
Craas L
c S| Mn Cr Ni Mo v |
1 3 ne Boaee
LIOXICHA .. .......... 0,27~ 10,901 1.0~{09~|1.4--] =~ ~ Jo.0es] n02s
- 0.34 1.2 1.3 (1.2 (t.»
S30XICHMA . . ... ..... 0.27-10.0~|1.0=108~]84=[0.4=| — [0.070] 0,710
& 0.34 1.2 :11.8 [1.2 los Jos
IABLY . ... ... ... 0.36— | 0.7~ |0.5— ] 0, 8=]2.5=] ~— |0,8—]0,023] 0,025
0.43 t.o0 (0.8 [t.1 }3.0 1.2
7Bm ............... 0.24~ 0,9~ | 1,0~11,5=12.0~]0.4=]|0n,9~]0,030] 0,030
0.31 1.2 (1.3 |20 2.8 {o,5% }1.3°

1) Steel; 2% content of elements (%); 3) no more than; 4) 30KhGSNA; 5)
30KhGSNMA, ) EI643; 7) VL1.

Type 30KhGSNA steel is supplied in accordance with GOST 4543-61,
30KhGSNMA steel in accordance with TU, EI643 steel in accordance with -
ChMTU/TsNIIChM 584-61, and VLl steel in accordance with ChMTU/TsNIIChM
213-59.

.The principal specilal feature of VL1 steel 1s the hardenabllity
in alr of products with large cross-sectional areas (d = 80 mm).
Quenching in alir ersures minimal warping and, in many cases, makes 1t ‘
possible to use clamping devices, which completely eliminate the need i
} to straighten the component. Bar, forgings (including large components),
| hot-rolled tublng, strips, and sheets are produced from 30KhGSNA steel,
large forgings from 30KhGSNMA steel, bars, forgings, and hot-rolled

anh1 i
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TABLE 3

Mechanical Characteristics of the Most Widely Used
High-Strength Structural Steels (typical charac-

teristics)
’ , . 'R | s, & | @
1 2 wey L e,
Craas Tepuws. o6palorra ERT ' %) | tnenjenty i
20XTCHA G | amasmacomcrmomnpw2s0® 10 | 173 | 138 | 10 | a5 | 7
30XICHMA HaoTepuny. saKAANA B e nan 163 12§ it 80 17
meaonst upw 2308 ) . .
To we, no npw 100° 12 150 {20 13 53 T8
all | Samazxa wna soazyxe ¢ oroycwom 175 10 4 -7
T ppa 250° 13 . v
1 TY | hewazna ¢ oruycxow nom 220¢ 14 200 50 ; 10 40 | 5.5-6
8 ‘ Haorepumuccuan saniana 15 | 180 a0 | 30 ]
0XTCA | 3anaana ¢ ornyewow npw 220° 1), I 175 ' 135 |9 | 40 | s-¢

1) Steel; 2) heat treatment,‘3g kg/ﬁnm2 4) kg-m/bm 5) 30KhGSNA; 6)
3OKhGSNMA, g) VL1; 8) EI643; 9) 30KhGSA; 10) quenching and tempering

- at 250° 1sothermal quenching in potassium nitrate or alkali at
250°; the same, but at 300°; 13) quenching in air and tempering at
250°; 14 quenching and tempering at 220°; 15) isothermal quenching.

0 b1y~
'5 10 N
5 uo — DN~ - _
m#' » . S—160
“,"*M}' ‘53:
e M - 3><730 .
- 12 r— ‘ ‘I‘ ..
§ ’2 Seatee -
I e e
s ~F<
b

‘210 310 410 510 800 . 700
Qrmnm'c

Fig. 1. Influence of tempering temperature on the mechanical character-
istics of 30KhGSNA and VL1 steels: 1; VL1 (quenched in air); 2) 30Kh-

GSNA (guenched in oil). a) kg/mm2; xg—m/cm ; ¢) tempering tempera-
ture, °C. ,

Figures 1 and 2 show the'vaniation in the mechanical characteris-
tics of 30KhGSNA, VL1, and 31643 steels as a function of tempering tem-
perature. This steel 1s ensured maximum strength (ab = 160-180 kg/mma)

and satisfactory viscoslity by low tempering. Heat treatment ‘of 30KhGSNA

steel to a g, of less than 160;kg/mm is carried out by 1sothermal

quenching, which can produce a‘ab 160—180, 150-170 or 140-160 kg/mm®;

20&2 -
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Fig. 2. Influence of tempering gemperature on the mechanical character-~
istics of EI6U3 steel. 1§ kg/mme; 2) kg-m/cmé; 3) tempering temperature,
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Fig. 3. Influence of 1sothermal quenching temperature on the impact
strength of 30KhGSNA and 30KhGSA steels. 1) kgom/ch; 2) 1sothermal
quenching temperature, °C: 2) 30KhGSNA; 4) 30KhGSA.

use of 1sothermal quenching in a hot medium at temoerétures abtove 300°
to obtaln a Oy of less than 140 kg/'mm2 1s not recommended because of
the danger of a sharp lncrease in brittleness. Figure 3 shows the in-
fluence of the 1sothermal quenching temperature on the impact strength
of 30KhGSNA and 30KhGSA steels.

For heavy forgings (200-300 mm or more thick) it 1s best to use
30KhGSNMA steel with the same range of ultimate strengths and heat-
treatment regimes as for 30KhGSNA steel. High-strength structural steels
also have a high durability, even for notched specimens. Table 4 shows

the durablility of hilgh-strength structural steel on alternate bending

2043
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of rotating specimens 8 mm in diameter (the durability of structural
steel treated to moderate strength is also given for purposes of com=-
parison). _

For many mechanisms and machines the strength of cdﬁponents and
units 18 determined from their ability to withstand comparatively in-
frequent large loads. It has been established that, Just as high-
strength aluninum alloys, in the presence of stress concentrators high-
strength structural steels have a lower resistance to repeated static
loads than steel treated to moderate strength. Components of high-
strength steel kith sizable stress concentrators may prove to be weaker
than medium—strength steel. High-strength steel components with smali
stress concentrators have a high resistance to repeated statiq loéds.
If a high-strength steel component cannot be designed without severe
stress concentrators or they cannot be shifted to a less highly stressed
area, 1t 1s necessary:to use medium-strength steel. Figure 4 shows the

strength of 4OKhNMA steel specimens under fatigue loads as a function
of tenslle strength and stress comcentration.
TABLE 4

Duradbility of Structural
Steel Treated to High

Strength
[

o !0_| la-"'. b. -

Craas —_—l &

4 =

2 (xz mu?) o o
3 omsaa |2 Ly 55 lo.ar fo.27s
A0XTCHA J (174 |73 ~ lo.42 ) =
BOXTCHA* . 1164 |70 49 0.425(n. 30
5 WXICA. . )80 |72 46 |0.40 |n.235
INXMA . (.{160 |82 ~ 0.9 =
‘T 25X2UHTA1159 |70 44 o4k 0,275
35X2MHTAY {152 |61 16 [0.40 o.':s
§ 23X2HBOA .|137 | 64.5] 48 j0.47 |02
3TXH3A . .{126.5(58 3 {o.44 {0,245

Q

*Isothermal quenching. .
**Semicircular notch, r =
= 0.75 mm.

1) Steel; 2& kg/rmn2 3) EI643; 4) 30KhGSNA; 5) 30KhGSA; 6) 301ChMA' 7)
25Kh2GNTA; 8) 23Kh2NVFA; 9) 3TKhN3A.
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Fig. 4. Strength of QOKhNMA steel specimens under repeated loads as a
function of tensile strength and stresg concentration (K). (Symmetrlc
extension-cempression cycle). 1) kg/mm<; 2) number of loading cycles.
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Fig. 6. Mechanical characteristics of 30KhGSNA steel treated for high
strength as a runction °£ speclmen~-cutting direction with respect to
grain of metal. 1) kg/mm<; 2 angle between specimen axis and grain di-
rection, degrees; 3) kg-m/cme.
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- strength steel. When a structural element is of low rigidity its lone-

II11-9886

It 1s expedient to use high-strength structural steel br struc-.
tural elements which must function under compression and have increased
rigidity (Fig. 5). Such elements have a substantially higher longitud-

inal stabllity than elements fabricated from medium-strength or low-

gitudinal stability 1s determined principally by 1ts modulus of elas-
ticity and does not depend on its ultimate strength.

The mechanlcal characteristics of high—strength structural steel
depend to a conslderable extent on the grain direction. Viscosity, true
fracture strength, and plasticity are materially reduced across the
grain, Ultimaﬁe strength, yleld strength, and proportionality limit are
virtually independent of grain difection. Figufe 6 shéws the Vériation

1n theﬂmegpanical charactgristics of 30KhGSNA steel treated to high

strengthigé a function of thé\angle between thevspecimen axis and the
graln direction. It 1s necessary to take into account the fact that
various metéllurgical defects (hairline cracks, nonmetallic inclusions,
etc.) are always oriented along the grain and consequently only affect
the strength ol those components in which the noﬁmal stresses are di-
rected across or at an acute angle to thefgrain. High-strength structu-
ral steel 1s conslderably sensitive to hetailurgical defects, hairline
cracks, and ordlnary cracks than medium-strength stegl (Fig. 7); in'a
number of cases 1t 1s consequently unwise to employ it for components
which function principally across the grain. Such components require
high-strength steel of high metallurgical quality (with a minimal num-
ber of nonmetallic inclusions) and a careful check muét be made for
metallurgical defects. . . _
High-strength structural steeis are usually not cold-short at tem-

peratures of down to —60° to —70° and have & rather low viécosity at
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1) Heat treatment; 2) temperature (° g; 3) kg/hme; 4) kg-m/bme; 5)
quenching in oll, tempering at 310°; 6)

TABLE 5
Mechanical Characteristics

of 30KhGSNA Steel at Elev-
ated Temperatures

1

Tepuny, ofpaborna

Jaxaaxar 8 mucae;
ocnyexr apm 3u®

Jaxanka 8 mache,
6 oruyex npm 360°

Haorepung,  LIKNAKD
s ceautpe 2:0°
7orn)1:n npm 310°

Haorepuuy, 3ananxa
encm-rpe c J20°
(0ea oruycxa)

s2[3z]e]ep
i X 1
X b
i3 -1
=T k| W LR
20 (17010 fsn] 3
280 t1s0lt10]49] 8.8
300 {18014 )82] s
20 [155] 9{52] @
250 155 9[52] @
o [195{10)853( 5.8
Asn [180)10 (54 5.2
20 180148 7.7
250 1160190 (s0! 6.8
00 (160114182 ¢
20 J150)|to 54 8.2
280 14So[11[88] 8
360 1150112[38) &

quenching in oil, tempering at
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out tempering).

1) Heat treatment; 2)
tempering at.

.

TABLE 6

360°§ 7) 1sothermal quenching in potassium nitrate from 270°, tempering
at 310°; 8) isothermal quenching in potassium intrate from 320° (with-

Mechanical Characteristics
of EI643 Steel at Elevated
Temperatures

1
Tepuws. obpalorna

Jaxanxa » wuicac; or-
aycx npm 210° 5

Jananwxa » macne; or-
nycu npw I

3aMAARA 8 MACHC, OT
aycr npm 360

Jananws 8 Macae, or-
aycx aopa 410°

. 4
& s 4 | %
4|3 ’
=R Hxefuany| (%)
20 200 9 40
200 200 10 40t
20 194 8 4o
Joo 175 12 ] 55
20 ing 9 &n
350 185 12
24 175 tn £
400 145 12 ] 88

temperature

TABLE 7

'(°C); 3) kg/mma; 4)'quenchinglin oil,

Mechanlcal Characteristics

- of VL1 Steel at Elevated

Temperatures
g g .18 I E
Tepusw. oGpaforns 1 E28 13y
h’nax WiKa ¢ 930° ua soaayxe;l 20 {175 19500
oruych apw 210° 200 | 183 -~
To ne, oraycx npm I10° 20 {150 -
360 50 |1es] =
1'0 we, ornycx apa o 2 -
. yex ap - 350 {160 -
To we, otnycex npmw $10° 20 {160 —_
o 11551 17000
To we, ornycx npm 46Aa° 20 1153 -
450 [133] 16300
To we, orayexk aps S1n0® 20 | 150 —
' 500 (120| $5700

TABLE 8

1) Heat treatment; 2) temperature (°C); 3 kg/hma; 4) quenching from
930° in air, tempering at 210°; 5) the same, tempering at. :

Calculated Ultimate Strength

(kg/mm<) of

Welds in High-

Strength Structural Steel

Tosmwua

Csapsa nyro-

wea Ges | CAApKa nyrosas ¢ BAR G 3nEN~
YCHNICHR, AICKTPOIOM K CTAAN Tm:::r:;.ﬂyu
o 1] 2 18xMA o
do 19 120 85
t0—18 100 85
1528 80 (90 ann crinm 65
JHeid) :

’1% Weld thickness without reinforcement (mm); 2) arc welding with
18KhMA steel electrode; 3) arc welding with austenitic-steel electrode.
4) up to; 5) 90 for EI 643 steel, v .
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temperatures of from —123° to —1G66°; Flg. 8 shows the mechanicél char-
acteristics of 30KhGSNA steel at low temperatures. The mechanical char-
acteristics or'steels of this type usually drop rather raplidly at
elevated temperatures, although the rate of decrease is for the most
part determined by the allowing elements. Tables 5, 6,‘and 7 show the
mechanical characteristics of 30KhGSNA, EI643, and VL1 steels at ele=~
vated temrperatures.

Welded Joints 1n high-strength steel components can be planned
from the weld-strength daté given in Table 8.

Wire electrodes.of O8KhMA steel or some other low-carbon steel are
recommended for welding EI643 steel and other types of high-strength
steel containing more than 0.35% (.

It 1s permlssible tq introduce a plastlicity factor of 1.25 into
calculations for theAbending of welds. The physical characteristics of
30KhGSNA, VL1, and EiI643 steels include: v = 7.8 (for VL1) or 7.9 (for
the other typeé),.x = 0,068 (25°), 0.070 (100°), 0.073 (200°), 0.075
(300°), and 0.078 (400°) cal/cm.sec.°C (for 30KhGSNA), and a = 11l.2 x
X 10'6 (204100°); 12.65-10'6 (100-200°), 13.45-10'6,(200-3OO°), and
14.2-10’6 (300;400?)1/°C (for all three steels).

The critical points for 30KhGSNA steel are Ac; = 750-760° and Acy
= 805—830°,_wh11e.for.E1643 Ac; = TO0° and Ac3 = 750-770° and for VL1
Acy = 760° and A03 % 830°. The following types of preliminary heat '
trectment are employed to improve the machinabllity of high-strength
structufal steel: full annealing at 900-93C° with subsequent slow fur-
nace cooling (tﬁis‘type of annealing 1s not used for VL1 and EI643
steels); prolonged low annealing at 680-700° (660-670° for EI6U3); ac-
celeratedtandealiﬁg at 780-800°, furnace cooling to 650° (to 600° for
EI643‘steel);.h61ding af4this temperature for several hours, and cool-

ing in air, Accélerated annealing most effectively reduces the hardness
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and improves the machinability of high—alloy high-strength steels. Tem-

per brittleness of‘steel_may develop during slow postannealing cooling
over the range 650-400° and leads to brittle fracture of the annealed
components during-straighting or shipment. This type of brittleness 1s
ccmpletely eliminatediby pnequenching heating and consequently presents
no danger to completely.heat-treated speclimens. ‘

TABLE 9 |

Ta ‘le for Determmination of

Strength from Hardness for
High—Strength Structural

Steel
. Teepacctal - TsepaocTs -~
s 3 1B i
LT b P I < o
s - 215 fun.s | 2.76 | ts80
: "sg.s - 210 ) 47,51 2.8 170
5 —~ | zos lasis{2:s0! 160
32,8 2.8 200 42,51 2.99 150
82 2.63| 185 fa0 3.09 | 440
e e~ 81,8 ] 2.68] 190 | 38 3,281 130
80.5 | 2.7 185

vl) Hardnevss; 2) % (kg/mme).

Three types of final heat treatment are employed for high—strength
structural steel: quenching in o1l and subsequent tempering at 200-250°
for 3-4 hr; 1sothermal quenching in molten potassium nitrate or alkalil
at temperatures of from 220 to 300—380°, with or without subsequent

ttempering (the strength of high—strength structural steel decreases as

the isothermal quenching.temperature is raised); quenching in air and

subsequent‘tempering at'200-250° (-:sed only for VL1 nigh-alloy steel).
Isothefmal quenching cf'high—etrength structural ensures greater

Qiscosityqthan quenching in cil and also results in lesser (by a factor

of 3) Warping of the_combonent. In éddition, use of 1sothermal quench-

ing makes it‘possible to regulate the ultimate strength of the steel

by varying the temperature of the quenching;medium; thils ‘1s 1impossible

in quenching and 19w‘tempering. In order to avoia cracking quenched
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high-strength steel components should not be pickled. Scale 1s removed
by wet sandblasting. The final heat treatment 1s usually checked by
measuring the hardness of the steel, utllizing the data precented in
Table 9.

| Heat-treated high-strength steel components are straightened by
static loading in a press or by hammering through a pad (without dent-
ing the metal); additional anhealing of the component after straighten-
ing 1s not ohligatory. High-strength strucﬁural steel has satisfactory
machinabllity after annealing and can be machined in the quenched state
1f a hard-alloy cutting tool 1s used. Threads can be produced‘only with
cutters. It 1s generally necessary to femper the steel at 200-250° af-
ter polishing 1in order to relleve the interral stresses. In reaming
holes it 1is very important that the surface fineness after machining
‘be no less than V6. The surface fineness of high-strength steel compon-
ents should be no less than V4-V5 and sites of stress concentration
should be maczhined to a flneness of V6-V7. High-strength structural
steel 1s welded by the arc (manual and automatic), atomic-hydrogen, and
argon-arc methods. Steels of this type are usually welded in the an-
nealed state, but welding of previously quenched elemenﬁs 1s permissible
in individual cases. Electrodes of EI334 alloy and other alloys of the
nichrome type are used as the rod material in this case. In order to
avold development of "cold" welding cracks high-strength steel compon-
ents must be heated to 200-300° before welding and to no less than
200° immediately after welding. High-strength steel components are gen-
erally not soldered, since contact between molten solder and steel with
internal or external stresses may cause cracking during soldéring.

In order to ensure maximum strength under repeated static loads 1t |
1s recommended that the protruding portion of the weld dbe machined down

flush with the surface of the component and that the root of the weld
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be ground down in single-sided welding. Where such grinding 1is impos-
sible the weld should pass smoothly into the base metal, without form-

‘ ing notches or sharp angles.

High-strength structural steel can be welded to itself and to low-
carbon unalloyed or alloy steel. Welding to stainless-steel components
should be carried out either with a low-alloy rod of the nichrome type
or through transition elements fabricated frcm low-carbon steel. High-
etréngth structural steel 1is very susceptible to hydrogen embrittlement

(see Hydrogen embrittlement of steel) and consequently cannot be gal-

vanized in the hardened state. Chromium-plating of smooth surfaces to
provide corrosion protection for the friction surfaces of components
is an éxception; the plating process must be followed by tempering to
elimihate hydrogen embrittlement. The cemponents snould be subjeéted to
minimum straightening after quenching in order to avold cracking during
plating. | '

| High-strength structural steel 1s protected against corrosion by
painting, metalllization, or phosphating. Eluing provides poor corrosion

protection ard may cause the component to crack when substantial inter-

nal stresses are present,

20
Cw 27200 010-558 96200 %
TN v . -
o4 3T
¥ Ll gl
. 2
3 ‘14
0.02¢
) 1
S oanel

Fig. 9. Drawingeof bolt fabricated from high-strength structural steel
(Ub > 180 ks/ )'

Definite restrictions must be imposed on the design of high-
strength steel components, since this material 1s highly susceptible to

stress concentrators. All cross-éectional transitions must be planned

2052
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to have the maximum possible radius of curvature; thls is especlally
important in areas where there 1s a sharp change in the dlrection of
the forces. Threaded components must have a clear space in front of the
thread and, in the case of very high~strength steel (ob = 180-210 kg/
/hmz), beneath the head as well (Fig. 9) These clear spaces reduce the
stress concentration in the most heavily loaded areas or the bolt.
Threads on bolts and other components should be made with a standard
minimum radius measured across the thread trough.

High-strength steel bolts must usually function Qnder shear. The
permissible short-term tensile stress (maximum) 1s generally no more
than 100 kg/hmz, while the permissible long-term tensile stress 1s no
more than 40 kg/hme. Bolts should be 1installed with no curvature under
the nut or the bolt head. Fabricatlion of welded tanks subject to gas
pressure for prolonged perlods from high-strength structural steel-is
not recommended. Tanks subject to brief pressure are best weldediby the
- argon-arc method with a nonfusible electrode and no rod. |

High-strength structural steel is employed for various hach ned
and welded components not having sizable stress concentrators inlthe
areas of greatest stress; the higher the strength of the steel, the
more rilgld are the requirements that must be Imposed on the permdséiblé

stress concentrators.

References: Primenenlye staley vysokoy 1 sverkhvvéokby procﬁnosti
dlya detaley mashin [Use of High- and Ultrghigh-Strength Steels for
Machine Components], Moscow, 1958 (Filial VINITI. Pe*evodoy nauchno-

!

tekhn. 1 proiz. oput [Branch of the All-Union Institute of Scienthfic

and Technical Information. Advanced Sclentiflc and Technical EXpefi-
[

ence], Report 19, No. M-58-474/19). ?.

| Ya.M. Potak
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HIGH-STRENGTH TITANIUM SHAPING ALLOYS + alloys with an ultimate

PUSUU R —

strength not less than 100 kg/hma, which are subjecfed to hot shaping,

i.e., rorging, stamping, rolling, etc. These incluﬂe»alloy brands VTE,
V19, VT4, VI15, VI16. The VI3 and VT3-1 alloys occupy an intemediate

position, having a strength of 95-120 kg/hm?r*ﬂigh-strength titanium
shaping alloys are distinguished by their high specific_strength (not

less than 22-105 cm) and high corrosion resiétance. See Medium-strength
titanium shaping alloys, Heat resistant titanium shaping alloys, Heat

treatment hardening titanium alloys.

References: see at end of the article Titaniumualloys.

S5.G. Glazunov and V.N. Moiseyev
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HIGH-STRENGTH WROUGHT MAGNESIUM ALLOYS are magnesium alloys with
an ultimate strength of 26-40 kg/i 32. This group includes the MA2-1,
MA3, MAS, VM65-1 and MAlO alloys.'The MA2-1 glloy is the most plastic,
therefore, it can be subjected to rolling for the production of plate
and sheet. It welds better than the other alloys of this group and is
suitable for fabrication of welded structures. The MA2 alloy differs
little in mechanical properties from the MA2-1 alloy but is less plas-
tic, has lower weldabllity and is more prone to stress corrosion. The
MAS alloy has the highest strength of the wrought alloy of the Mg — Al ~
Zn — Mn system, but 1s less plastic, less suitable for welding and has
greater tendency to stress corrosion. The VM65-1 alloy has high mechan-
ical properties, high plasticity in forging and stamping, 1s not prone
’to stress corrosion, but is not amenable to welding. The MAlC alloy has
the highest mechanical properties of all the wrought magnesium alloys,
can be welded, but 1s more expensive because of thealloying with silver
and is most prone to stress corrosion, therefore, it has limited appli-
cation. For chemicel composition of the alloys see Magnesium Alloys.

The MAZ-1l alloy 1s used for the production of all faorms of wrought
mill.products, including rolled plate and sheet; the other alloys are
used for the production of extruded items and stampinés. For the mech-
anical properties of the High-Strength Wrought Magnesium Alloys see
Tables 1-7. The minimal mechanical properties of these alloys guarante-
ed by the specifications are lower than the typical values by 3.5-7%
with regard to ultimate, 10-15% with regard to yield; the elongation 1s
leés by a factor of 1.3-2 times,
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The wear resistance of these alloys is characterized by the fol

lowing figures: for the MA3 and MAS alloys in the annealed conditior,

with dry frictioh, sliding rate 1.15 m/sec and a pressure of 4 kg/bmz,

the wear depth 1s 0.13-0.14 mm; and with a pressure of 16"kg/cm2 the

wear depth 1s 0.31-0.34 mm per km of friction path.

TAELE 1

Typical Mechanical Properties of Mill Products

Wrought Magnesium Alloys at 20°

‘C 2 Bua 3 Cocroanve E $%uu | Y. ' hd 4. | ¢
AR | pnayatpuxara matepuans ‘(u,um') " & (ke ww) *'2
MA2-t | Jhcrm vooqun- 6 Otronoxennue 7 l 4200 § 0.3t - 11 28 I8 ( —

nokt 0,8—3 um
Nanta vosoin- ¢ Topawexaranwe9| 4200 | 0,3t ! 10 | 18 27 14 o0
nok 30 mu
NMpyren 10 fIpeccomaunmne 11t £200 | 0,31 - 1] 28 12 -
IIpoduan 12 To we 13 4200 0,31 -— 18 28 14 -
Moxomxn 11 14 Bes tepun%. o 4200 | 0,34 - 18 27 10 -
WTaMNOIKN obpadaoren
 MAS Npyrex 10 Npeccosanume 11 4300 | 0,34 — | 22 28 12 -
HOpyrxn & no~ 16 To we 13 4300 | 0,38 | 10 17 27 1 2
a0Cu
Toxoaxn w 14 Oronowermwe 7| 4300 | 0,36} — | 22 23 12 -
WTANTIOBDKN !
MAS | Npyrenm 10 Jaxanennme 17| 4300 | 0,34 | 13 22 32 14 | 20
Noxorxu # 14 To we 33 4300 § 0,34 - 22 k3 2 -
IMTAMUOBKE !
BM85-4] Npyrxs 190 Hemyecrnenno 18f 4300 | 0,34 | 14,5 ] 28 33,3 9 E 4
COCTapennMe .
TMagoes 19 To we 13 4300 | 0.34 ] 13 27 32,5 19 25
Ipoyman 12 » 4300 } 0,34 - 29 .51 10 -
ITowouxn 20 . 4309 | 0,34 - 25 1] 12 -
Mraunoexy 21 4 4300 | 0,34 - 28 32 14 -
MALS | Npyrun 10 Tepumweexn 22 4300 (0,33 13 30 43 [ [
o0paboTannue
Tlonoca cewenwex 23 | To we 13 4300 | 0,33 -— 29 39 [ -
32x 410 mm
Toxosxa us npyrxa » 4300 | 0,33 - 21,81 38 [] -
200 mu 34

13 Alloy; 2
5

thickness
13) same;

20) forgings;
x 2»100rg nglsd

mm; 2

o' pts; 6

form of mill product; 3) material condition; 4) (
sheets of thickness 0.8-3 mm; 7
30 mm; 9) hot rolled; 10) rods; 11
14) forgings and stampings; 15) without heat treatment; 16
rods and strip; 17) solution treated; 18) artificially aged; 19) strip;
21) stampings; 22) heat treated; 23) strip of section 32
forging from 200-mm-diam rod.
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TABLE 2 - | |

' Mechanical Properties of High-Strength Wrought Magnesium Alloys in Var-
-lous Forms of Testing at 20" - . .

. F 4 ULwatne S Kpywune (.g- -
oL Bua 3 Coero e P Il |" T 7,' I« ! ay (-...‘:m'! 10 i
Curap, n;;::::.o- MATCPUASE A AL UL LAY (noat W) "; '-"' " g
11 (a2 m?) [} HHui e . i
. ) 12 k
MAC- AT 4Y Yopriucuaraune  [16060) 39 8,514 6 t7,.5{ 14 0.8 (L) .
MAR Horoeu 13 Mpecconannwe 14 16500 §2 - 5 ¢, 5|1 14 ! 1 g
MAS Hpyroni$] Jakaacum 16 1001 48 | 14 3.5 ] &.5128 (L} - K] i
17 BM85-1 ! llpyrox1y Heryccroeunn 18 [1600| 47 - l7.9h2,52 16 0.9 1
cocrapennui
Hoaocu1 8 To we g9 1860u| 46 | 18 - - =134 w,7 ¥
MALO Ilpyrox1 Y SakascHuA w 0] — || 2 - 110 I8 - 9,29 12.%
. ’ cocrTapexnsfl

‘1) -Alloy; 2) form of mill product; 3) material condition;2b) compres-
signj 5) torsion; 6) ihear; 7) 7 pts; 8) T sr; 9) (kem/cm®); 10) (kg/
mm©) on basils of 5.10/ cycles; 11) plate; 12) hot rolled; 13) strip;
14) extruded; 15) rod; 16) solution treated; 17) WM65-1; 18) artific-
ally aged; 19) same; 20) solution treated and aged. '

TABLE 3 - ’
Typibal Mechanical Properties of Mill Products of the High-Strength
Wrought Magnesium Alloys in Longitudinal and Lateral Directions

' 2 4 llpoanasnne $ Honepeunie
- Bux Cocronnme ;
Crnnay noaygabpnrare Marcpuaia o | 04 ) o | . s
¢ (x2 sud) (%s) ¢ (xa sm?) (%e?
MA2-t TIlanta ranmnnofl  [STopasexatanue 26 15 [ 12 | 27 17 12
M
v:lxac;u ;onmnnol 9 OTONOIKENNME 27.% 17 X3 20.5 {19 (X
B3 M
MA3 Ipyxn np«couu‘-o To we 11 28 [§] 10 20 12 3
nue
MAS MNoxosxw Tana a0y, Jaxanenmie 13 3 ) 20 ? 22 t2 3
14 nacref
BM85-1 Mpyren @ 112 amiS Cocrapennme 16 3 28 12 27 12.5 14
Moaoca coavvgenw 17 To me 11 33 23 10 28 20 14
A4X 43D mm :
MAL0 Npyrxn @ 120 maty Jdaxsiennse n we-| &4 32 3 28 25 [ 1
: 16 XYCCTRERHO COCTa-
penmme
Ioaoca cewenmen 17| To me 11 39 28 [ 1] 22 [}
32::410 mm

1) Alloy; 2) form of mill pgoduct; 3) material condition; 4) longitud-
inal; 5§ lateral; 6) (kg/mm<); 7) plate — mm thick; 8) hot rolled; 9)

annealed; 10) extruded rods; 1l1) same; 12) forgings of balde type; 13

solution treated; 14) VM65-1; 15) rods — mm in diameter; 16) aged; 17;
strip of section — mm.
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TABLE 4

ious Temperatures

Mechanical Properties of High-Strength Wrought Magnesium Alloys at Var-

1 1 L ‘ s MAtn *
! MAZ-t ~nanra . MAS ~npyt e nne | BIMASL ~ noaeen o8 HEy -

ropueeKaTINAR | MAS - anen 4 yineiriaf 10 eoeTae B0 mm L34 >.' AN A
!,_ Toautunof L0 MM (TOROKCHIAH - pemef foeTapoINLm HHR W EieTapiens-
1% : . nh
i - s
- L I Ger | o 9, %2 | 3 | % %% | a | % ! Tes | & o, l T r } .Q

{5 aam? % 7 (xe/mut %) 7 (ng MmT) % Tin. um?y % 7 (k2 mut “/"

7 ) )
-70 {29 - | 8,5 - - - - - -8t 16 L L t 2. b
-40] = l - - |35 o8 12 - | - =~ [ an | as 91 - - :
100 {23 {12 20 ] 26,5118 2y | 22 22 ] R - mtarlar 14
1a0 [19.5]10 {29 | 19 10,9 | 35 | 23 5 s 2 - fewfentrr e
200 | t4§ 7.5130 15 8 45 | t1a 1o 401 18 - 50 f v ] 14 ’17
250 [ ] 5 43 1.5 4.3 701 0 [} #4 1 - LY 1 9, "
300 ? 4 40 .- - - 6.5 4.5 | 120 7 - "y t1 6, ' 1)

1) Temperature; 2) MA2-1 hot rolled plate 30-mm thick; 3

strip, L) MA5 rod, solution treated and aged; 5) WE5-1

2) MAR annealed
1 ctrip ¢O z 140

, Sd MA10 rod 25-mm diameter, solution treated and aged; 7)

TABLE 5
Sensitivity of High- Strength Wrought Magnesium Alloys to Notching at
20° *

1 ' Cratnweesne 3 Bn(-paminmme

- ||clll1nunn RCAWMTAHNK
cnnlf {94 o:‘ Mo | 9o ot o, ot
L latna mmd) i LYCTTUR -t

MA2g . 27129 t,.1 110,54 7 t.5

MAJ 28123 1 p1e,5] 9.5 t,2

MAS 132132 1 14 1 1.3

IMe5-13| 34| 40 1,2 112 3 1.5

MA1O 43138 0.9 [12.5] 8 1,55

* At & temperaturenof 70
the alloy WM65-1 cb/o =

1) Alloy; 2) static testing,
VM65-1.

A e . s e e

° for the alloy MA2-1 ¢ /o

1.1.

3) vibrational testing; 4) (ke/mm2); 5)
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TABLE 6 v
Creep Limits of Scme High-Strength Wrought Magnecium Alloys

MAZ-Y MAD MAS
‘Veun-pa .
ERH) O.2.90 Tg.8 100 l Co.8 100 l To,9 200 ! Oa.t 108 Og.9 tne ! Tyt tae
2 (xe nmt} i 3 .
H
] ] - - - - ~ LN 14,4 §
100 7 1.2 ) ¥,2 8.5 5.6 6.4 !
159 2 4.3 1.1 1,2 [ 2% L 0.7 :
200 - 1 ' 0.% - - - - !

1) Temperature; 2) (kg/mmz).

TABLE 7

Long Time Ultimate Strengths of Some High-Strength Wrought Magnesium
Alloys ,

MA2-1 2 IMAS-Y
Tn:n-p-
! 3 (ua.:.u’) 3 (N.?I::u')
100 13
150 ]
290 4 2,3

1) Temperature; 2) VM65-1; 3) (kg/mm°).

Physical properties of the high-strength wrought magnesium ailoys.
Alloy MA2-1: v = 1.79; @ = 26.10 -0 (20 — 100°) 1/°C; p = 0.12 (20°)
ohm-mmz/m; A = 0.23 (20°) cal/cm-sec-°C; ¢ = 0.26 (100°), 0.27 (200°),‘
0.29 (300°) cal/c-°C. Alloy MA3: v = 1.8; a = 26.1-1076 (20 ~ 100°),
27.1.10°% (100 = 200°), 31.2:20°% (200 - 300°) 1/°C; p = 0.153 (20°)
ohm-mm3/m; A = 0.16 (20°), 0.19 (200°), 0.20 (300°) cal/cm-sec-°C; ¢ =
0.27 (100°), 0.29 (200°),‘O.3O (300°) cal/g-°C; recrystallization tem-
perature (deformation 20%, anneal for one hour is 285°. Alloy MA5: A =
1.82; a = 26.1-10~ (20 - 100°), 27.7.10"® (100 - 200°), 28.5:10-0 (200
- 300°) 1/°C; p = 0.162 (20°) ohm-mme/m; A = 0.14 (20°) cal/cm-sec-°C;
¢ = 0.27 (100°), 0.29 (200°), 0.30 (200°) cal/g-°C; recrystallization
temperature (deformation 20%, anneal for one hour) is 345°. Alloy VM65-1: -
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A = 1.8; a = 20.9:10~% (20 = 100°), 22.6+10"0 (100 - 200°) 1/°C; p -

0.0565 (20°) ohm-mm®/m; A = 0.28 (20°), 0.30 (200°), 0.30 (200°) cal/
cmfsec-°c; c = 0.25 (100°) cal/g-°C. Alloy MAlO: v = 1.99; o = 27.9°10
(20 - 100°), 27.8-1078 (100 - 200°), 30.2+10°6 (200 - 300°) 1/°C; p =
0.162 (20°) ohm-mm®/m; A = 0.13 (20°), 0.17 (200°), 0.18 (200°) cal/cm-

6

sec-"C. v

- - The high-strength wrought magnesium alloys have satisfactory gen-
eral corrosion resistance, but in usage details must be protected by
inorganic films and paint coatings. The tendency to stress corrosicn of
the alloys MA2-1, MA3, MAS5 and MA10 increases from the MA2-1 alloy to
the MA10O alloy. The MAR and MAS alloys can be used'with long-term ten-

- slle syresses which do not exceed 60% of the tensile yield limit (co z)

With stresses equal to 0% of 0o, pB in the natural atmosphere in the
unprotected condition cracks will appear'on'the>surface—o§§§he MAlO al-
loy specimens after 6-8 days; therefore, this alloy can be used only in
prodﬁcts intended for short service life. The tensile processing stres-
ses must not exceed 0.4 times 99, 25 the compressive stresses are not
limited (see Corrosion of the Magnesium Alloys, Protection of the Mag-~
nesium Alloys).

| The MA2-1 and MA3 alloys are not strengthened by heat treatment.
MA2-1 sheet and MA3 stampings are subjected to annrealing, extruded mill
products and plates made from the MA2-1 alloy are delivered without an-
nealing. The WM65-1 and MA5 alloys are subjected to heat treatnent —
solution treatment in air or hot water and artificlal aging. Solution
treatment alone without’aging is usually used for the MAS alloy. Orly
aging is used for the VM65-1 alloy. The MAlO alloy is subjected to sol-
ution treatmenﬁ and artificial aging (Table/8).
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TABLE 8 o ’ *

Processing and Heat Treatment Conditions for High-Strength Wrought Mag-
nesium Alloys

3 y .
1 2 o :|":'.!""‘r:'|"7"'f‘: 4 o $ araaa & trapem

Cnuaan - B TR - - — e ——— —

7 . resi-pa ’
TOMINP AT A {2(]) PIRLTH 8¢

[T 1 TeMI-{1) Mg TN~ , npwe l;v
'RIaT) 7 ) 8 (4icd) T () I KRBT

i
-l TO0— 780 | 2304710 | Zhn N0 ‘n,:. ] ‘ -
B¥EwThy | 2dn—an0 ] Bl tkn S -
AV Thi | 2vu—RG | dho—tve ‘ =N (RT3

P T

‘o .
16-24
th-146
12-24

E 3 ¥1 3
>Tax>
J'

=4 l1n:|nu
' (A

-l 9 | BRGLT20 ] 250 420 | Jov~%q 24 -
l 68 170180

l) TNO=700 | B0u~42h | 2RO 481 - J.fm:“u

1) Alloy; 2) casting; 3) pressure working; 4) anneal; 5) solution treat-
ment; 6 aging, 7) temperature; 8) time (hours); 9) VM65 1.

The MA2-1 alloy has the highest processing plasticity. It can be
used for the production of all forms of wrought mil; products. In the
hot condition it is subjJected to the various operations of sheet stamp-
ing. Three-dimensional stamping can be used for the production of de-
talls of complex form; free forging 1s used to a2 limited extent. The
alloy welds well using argon-arc we;ding, the strength of the weld
Joiﬁts is 90-100% of the strength of the parent material. The MA3 alloy
has medium plasticity and sheet rolling 1s not recommended. Three-di-
mensional stamping can be used to fabricate detailé of medium complex-
1ty in shape, free forging_is not recommended. This alloy welds satis-
factorily. The MA5 alloy has low plasticity and 1s not worked by free
forging; stamplng is used to fébricate details of simple form. Limiﬁed
welding is used. The‘VM65-1.alloy has satisfactory plasticity in extru-
ding and stamping. It is suitable for the production of profiles and
stampings of complex form, simple free forglng operations can be used.
This alloy is not weldable.'The piaSticity of the MAiO alloy 1is the
same as that of the MA5 ailoy. Pressing and stamping of details of com-
plex form from this alloy cause no difficulty. This alloy is welded us-
ing argon-arc and re;tstance'ﬁglding; Forging and stamping of the high;
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strength wrought magnesium alloys. must be done on hydrauiic presces, .
the use of mechanical presses 1s less favorabié} and ﬁrop hammers should
be used only in extreme éases,.The use of doublebaction hammers 1 not
recommended. All these alloys machine well.

Among the high-strength wrought magnésium alloys, the VM65-1 and
MA2-1 alloys have found the widest use. The high-strength alloys are
uéed for the production of details for holsting maéhines, hitches fpr
trucks and buses, power saw frames, moving parts of knitting and weav-
ing looms, railway and hand cars, detalls of portable instruments, var- -
ious instruments and equipméﬁt. The MA2-1 allcy 1s used for paneling,
partitions and frames, in the form of profiles and tubes for weldments
and other detalls fabricated by three-dimensional stamping. The MAZ2-1
alloy can be used for the production of bodies, gas tanks, instrument
panels, and other detalls of sports cars. The VM65-1 alloy is used for
unweldind large loaded detalls, panels, etec, The MA2 and MA5 alloys are
used for loaded details which do not have thin sections (< 4.7 mm). The
MA10 alloy can be used for the fabricatlon of detalls which are subject
td high short-term loadingSQ The high-strength wrought magnesium allpys
are also used in aircraft and rocket engineéring. | |

"References: see article on Wrought Magnesium Alloys.

- -AJA. Kazékov
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HIGH-TEMPERATURE CAST MAGNESIUM ALLOYS are magnesium alloys which
are intended for casting detalls operating at temperatures to 250-250°
(long-term) and to 350-400° (short-term). The high-temperature c#st mag-
nesium alloys include the type MLO (AMTU 447-59), ML10 (AMTU 488-63),
ML11 (AMTU 488-63) alloys based on the megnesium-rare earth metal -

-~ zirconlum system, the type ML14 (AMTU 426-50) zand VMLl alloys.based
on the Mg — Th -~ Z2r system and the VML2 alloy. For the chemical coﬁpbs-
ition of these alloys see Magnesium Alloys. The recommended temperature
limits for the use of these alloys are shown in Table 1, the mechanical
properties in Tables 2-8 and in Figs. 1-7. At room temperature theée
alloys have relatively high mechenical properties with the excgptioh.of'
the ML1l alloy (Figs. 1-3), which is weaker than the rest. The ML10O and
VML2 alloys, having the most favorable combination of higzh strength and
good plasticity, have the best properties at 20°. The ML9“allb§ surpas-
ses the ML10 and VML2 alloys in yleld strength (Tables 2,3,4). On.the
average the guaranteed yleld strengths of the MLS and ML10O alioys sur-
pass the yleld strengths of the most widely used casting alloy ML5 and
are on the same level with those of the alloys ML12 and ML1S. ngtings'
with massive sections made from the ML9, ML10 and VML2 alloys hg&e‘moré
castings from the MLS alloy, and surpass them in both yield.strength
and ultimate strength. ) .

The high-temperature cast magnesium alloys ML9, MLlO, VM£1:aﬁd VMLé
differ from the high-strength magnesium and aluminum céétihé allbys in
a comparatively élight reduction'of the yield point'with-tempgfature ih-

crease (Table 5, see Figs. 2,4). At 200° the yleld stréhéth'ofitheéa al-
2063 o T o
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TABLE 2

Typical Mechanical Properties of
at 20° (12-mm-diameter specimens

II-12M1
TABLE 1 : :
Recommended Temperature Limits for Use of High-Temperature Ca,t Magneu- -
jum Alloys .
R e
Caaan 13 '
- Mlm‘ammﬁ np.ﬂm-ﬂn-.ﬂh
'm'”_" ,‘""JI(W e lu’!")“.‘l’f-’\ (L0
M3 "0 - Sooane - : o : - S
wine . 2% ahh '
Mt L., 250 - h 1Y) -
eRM.I2 . 300 350400
SPAMJIl . ., 00 [T Y LY )
nas . 350-370 400450
1) Alloy; 2) limiting working temperature ( C); 3) long-term operation;
4) short-term operation; 5) ML ; 5) VML. :

High-Temperature Cast Magnesium Alloy°<--
cast in sand form)

! t
Comarnero | B | C I 20ux] Oea| o0 | & Iﬂ-nu 0-..;1 S b 4 37(,,\ 0',.1 HE®

! o (X0 a0a%) (emnn *% (xronh (v )

! s MJO9-T6 . . |4300{1650f0.33] 7.5} 48.8] 24| 7 f16 135 L 6] 17| 8 |6

! MTI10 T6 . .| 4300) 1650{0,38 7 1123 24 S | T.5(8 10 3 13 17 7 16
' Mt Ges : :

® tepuww. 00 - -

pacorxa ~. | 42001 160010,311 & 110 | 13 3 1 3.31% 1o |31 | 13| =] - |80

MIHETA . L |42000160050,311 & |9 | 15 ) 3 [ 1Tl 4 |9 fat,s| 26| 121 7 | &0

MII14-T6 . . [420011600/0.3¢) 4,5/10,3) 18] 3 |5 [a.8[10.8[32°; 25| 12| 1 |es

M . 3900 « | = | 5 9.3 20{] 8] =] =} Ve } =] = 5 | 6y

T BMJI1 . 3900} - - $ 9.3 26 [ ] - fw- - -~ - - - -

BMI2 . 4300/1600/0,33| ¢ [¢2° | 26| 6 | 8 | 6 | 12| — |~ | 17| 6 |65

#Endurance 1limit determined in cantilever bending of rotating

specimen, N = 2. 107 cycles.

1) Alloy and temper; 2) o pts; 3) ‘T sr; u) (kg/hm )s 5) Ml
VML.

out heat treatment; 7)

; 6) with-

TABLE 3 - » _
; Mechanical properties of Certain Alloys atr 20° (5-mm-diameter specimens
: cut from details)
; 3 Tnawenue llnm«nbnms
| R I S R T
3 a2 e L P
i $M10-T8 . . .{22-24 |8 17.5 | 2,8
: '-IIIOOJNDH“ |
. 6 nOpaGoTKE L1214 2.5] 16,5 1.8
. MA11-T4 , 13,5131 3,5 { 12 2
, TBMA2 . .. .. 2-26 | 6 17.5 | 2,3
<} 2064
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1) Alloy and temper; 2) typical; 2) minimal; 4) (kg/hmz); 5) ML ; 6)
without heat treatment; 7) VML.

TABLE 4
Mechanical Progerties of Certain Alloys in Torsicn and Impact Loading :
Strength at 20 ‘ ;
4
3 §
el ka3 - H
 MA S . § £ * i
Cnasa m et 2 - A v 4 ¢
eocTonsne PR Eg; . 2
' Y-8 S 4
SM19-TS 9 17 5 ann 10 2%
MIH-Té 5.3 178 270 1
MAtI.TS | [ %] 14 2950 {a 28
6 DMJI2-T6 . 7.% 19 L (LY B A
v *Impact strength of ML10O alloy at 20° is 0.4 kgm/bmz.
' . 2
1) Alloy and temper; 2) (kg/mm“); 3) bend angle (degrees); 4) (kgm/cma);
5) ML ; 6) VML.
TABLE 5
Typical Mechanlcal Propertlies of Alloys at Elevated Temperatures (10-mm
-diameter specimens cast in sand form)
2
Cnnaas » ero 2‘ o !o.‘, i 0.., M
cocronnme Y
1 l:'.:_ (voum?) 31 (%)
Maste . ... |200'wsolia 2 |s | s
i . 250 36001y 119 (10 20
i 4 309 :3360]10,5/13 {20 | &0
3% ~- | & (30 235 [ 1]
Wel| = | =1{8 ];5 -
' : MI0-Te . . . [200{3voits L8 |10 20
| 250 [sauult0.5t5 {18 | 30
K 300! — | 8,8ty |25 45
! B0 ~= 1 4.5 8,838 (1]
\ Jdouf =) et sy |
MJIt1 Gea vep- | 200130001 7 13 [ 4 1
uwy. oBpaGorum | 250 {3400 8 [12.5013 13
‘ ] 300 - | 4 |11 17 —
! MINE-TE . . . [ 250 {3400f & |13 xu 20
! 300 « | 4.310,5{18 (1]
i : 350 - | 3.8] 1 {40 [ 1']
MJ11-TS . . . ]25%0]3400] 7.5[13 8.5 14
300 -~ | 6 10,5130 60
\ 3501 - | 4.3] 7.5{30 5
MJIIG-TE . . . [300[3200] 4.5/ 8 |2 -
350 (3100 4,2/ 7 |30 -
400 — | 3.4 6,8{3% L
\ BMJIL-TS . . . ]3n013200] 7,5[14,810 -
| . e B | S
i , BMAZ . . ... 250 (3850111 [18 [15 | —
- J00 13350110 1% {20 -
350 |30u0f 7 10 {30 -
\ . 400 -~ | 3.5] 6 [40 -
- ”
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1) Alloy and temper,.z)vﬁiéperature (°c); 3) (kg/hm ); 4) ML ; 5) with-

out heat treatment; 0)

TABLE 6

Creep* Limits and Stress-Rupture of Alloys

| ATy W e 4
Nanrem- 3 Temueparyy tidTatme { oy
Cxasd & ero cocronmwe ——ry 200 | 250 | 2w o350 | zve | 250 | 3ue
LT
BPELAN NOAIYICCTR WCAC I WNTE AR 0R
1 1 (wacw) Py (%8 mm?) ‘ HPpoY e TA (€ mmt) §
eMIARTE . . ... ... .. .o 30 - S - - - - 5.9
100 - - - - 11,51 8 -
MIALO-TS . o o & v o 0 v 0 s o & 100 | ] 3.9 - - 3] 17 2.%
10060 [ 2 - - - - -
MANTE L L L o0 v h e 100 [ ) 3 1 - 10 8.5 2.5
1000 4.3 1.3 0.7 - - - -—
ITBMIAT . . L e e e e e 100 9.9 4.9 1.8 - 14 ? 4
BMJIL . ... ¢ 000 100 - - 2.% 0.9 - - -
) 1009 - - - 0.3 - - -
ML . . v . v v vt b e 100 - - 3.7 1.9 - - 8.5
1000 - - 2 t -— - -

*Permanent deformation 0.2%.
1; Alloy and temper; 2%)test duration (hours);

creep limits (kg/mm

. TABLE 7

3 5) stress- to-rupture

3) tes ten erature (°c);
(kg/mm< ) 7) VML.

Notch Sensitivity of Alloys at Varlous Temperatures

THve. BaOpas-
Canas  ero * c)?:: nenw- | "'""'?"“’
RCUBTA-
cocronune | TeNT P :;"7: 31 wam
1 [ N LN
20 0,85 0.7%
MJI1-T¢ 200 1,0 -
s 250 1.1 -
300 1.4 -
20 0.9% 0.9
MJ110-T¢ 200 1,2% -
250 t.4 -
MIIt1 — Ges
TepunY,
paborxs 6. 20 1,0 -
MJIT11-Th 20 l 1.0 i 0.9

1) Alloy and temger; 2) temperature (°C); 3) static tests; 4) vibratory

tests, 5) ML
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TABLE 8
Mechanical Properties of Alloys at Low Temperatures

amare L8 P3G ] ¢
H #i’ g : -'3
MI9-Te —s0 |z ' -
-1 W |2 0.25-0.3
Ni110-TS - A0 2118 -
-0 I 271 4.8 0.4
- 108]| Ln | 3.5 -
MII LTS - 40 1% , 3 ’ -
- 196 18| 2 0,2-9.3
BMJI2-TS 4 | —18G]| 32 1 4,5 0.65-0,75
1) Alloy and temper; 2) temperature (°C); 3) (kg/mmz); L) kgm/cng's)
ML ; 6) VML. ‘
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Fig. 1. Ultimate specific
strengths of cast magnes-
iuvm and ALl19 aluminum al-
loys. 1) ML ; 2) WL ; 3)
AL19.
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Fig. 2. Yleld specific
strenghts of cast mag-
‘nesium and AL19 aluminum

loys remains practically the same as at
20°, at 250° it is lower by 10-15% on
the average, at 300° 1t is 20-20% lower,
at 350° 1t is 35% lcwer for thé miL2 al-
loy and 50-60% lower for the other alloys.
In terms of decreasing yleld strength
characteristics, the high-temperature
cast magnesium alloys are arranged in

the following order: ML9, ML10O, VMLZ2,
VML1l, ML14, ML1l, ML15 and‘MLS. The creep
limits of the alloys are practically eqg-
ual to one another in tension and compre-
ssion.

The Ultimate strength of the alloys
diminishes with increase of the test tem-
perature more rapidly than the yield
strength (Fig. 3 and 4). The ratio of
yield strength to ultimate for the ML9,
ML10, VML2 alloys increases with increase

2067
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alloys. lz 3 2) WL ; of the temperature to 250-200° (for ex-
3) AL19, ) test tempera-

ture, °C. ample, for ML10, from 0.5-0.%, to 0.8 at

© 250° and 0.85 at 300°), and at 350° &-
gain‘becomgs close to the ratio which ic

_characteristic for 20°.

Under conditions of long-term load-

ing at elevated temperatures the magnes-

iUh.alloyS‘are subject to creep. The MLYG,
Mle, ML1l alloys are characterized by

-high creep resistance at 200-250° (see

“Table 6, Fig. 7). The VML2, WMLl and ML14
~alloys havé the highest creep resistance

_at 300°, the ML14 alloy is best at 350°.

] e T

3 Tommepamyse ucoumane, *C o . The proportional limit (opts kg/mm2)
o ‘ of éome 6f_the high-témperature‘cast ma-

Fig. 3. Ultimate strength . gnesium alloys are: 6.5 for MLO-TS at

of cast magnesium alloys == . -

and ALl9 aluminum alloy at "200°, 5 at 250° and .3 at 200°; for ML1O-

roocm and elevatsd tempera- - _ : ,

tures. 1& 3 2) AL19; . -T6 it is 5.5 at 200° and 5 at 250°. The

3y M1 ; 4) VML 5) test - - ' 2

temperature, <C. _ endurance limit (o_;, kg/mm”) of some of

_ ‘ the high-temperature cast magnesium al-
loys (cn the basis of 2?107'cycies) is: for ML9-T6,6 at 250°, 3.5 at
300°; for ML10-T¢, 6 at 250°; for ML1l-T4 at 250°, 6 and ML11-T6, 5.5;
for VML2 at 300°, 5. L |

Physical properties of the high-temperature cast magnesium alloys.

~ Alloy MI9: v = 1.8; a = 25.6° 10 ’ (20 - 100°), 27.8-10° -6 (20 - 200°),

30.8-10‘6 (20 3oo°), 3& 6 1o 6 (20 - 400°) 1/°C; p = 0.069 (20°) ohm-

-mm2/m; A = 0.26 (25° ), o.2( (1oo°), 0.28 (200°), 0.29 (3oo°), 0.29

- (350°) cal/bm-sec-°C. Alloy MLlO 7 = 1.77; a = 25.02-10°% (20 - 100°),
 26.07+1070 (20 - goo°), 25 71.10 (20 - 300°) 1/°C; p = 0.069 (2o°)
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T T

24}
20 200 250 300 350 Q0
S leorsemrpe vcrwmpme, °C

Fig. 4. Yield strength of
cast magnesium alloys and
ALl19 aluminum alloy at room
and elevsted temperatures.
1) kg/mm; 2) AL19; 2) ML ;
L) VML ; 5) test tempera-
ture.

4’,’ T

Fig. 5. Elongation of cast
magnesium alloys at room

;\

o

ohm-mm2/m; A = 0.26 (25°), 0.27 (100°),
0.28 (200°), C.29 (200°) ral/cn-sec-°C.

Alloy MLll: v = 1.8; a = 21.9°10'6 (20 -
-6 -6

- 100°), 22,7-10
(20 - 300°) 1/°C; p = 0.059 (20°) ohm-

(20 - 200°), 24,810

-mmZ/m; A = 0.25 (25°), 0.26 (100°), 0.27
(200°), 0.27 (200°) cal/cm-sec-°C. Alloy

ML14: v = 1.84; a = 25.2-10°0 (20 - 100°)
26.7+10°% (20 - 200°), 27.6-107% (20 -

~ 300°), 28.2-10°% (20 - 400°) 1/°C; ¢ =

= 0.066 (20°) chm-mmZ/m; X = 0.26 (25°),

‘0.29 (400°) cal/:m-sec-°C. Alloy WML1:

Yy =1.79; a= :’.7.3'10’6 (20 - 100°), 28.

.G100 (20 - 200°), 29.3.10°®

(20 — 300°)
30.2.10°0 (20 - 400°) 1/°C; p = 0.072
(20°) ohm-mn2/m; A = 0.26 (25°), 0.29
(400°) cal/cm-sec-°C. Alloy WML2: v = 1.
.79 a = 23.4.10°8 (20 - 100°), 27.1-10°®
-6 (20 - 300°), 30.
.6-10"° (20 - 400°) 1/°C; p = 0.0726 (20°)
ohm-mm?/m; A = 0.28 (25 — 200°), 0.29

(300°) éal/cm~sec-°c.

(20 ~— 200°), 28.9-10
-6

The high-temperature cast magnesium
alloys, Just as all the alloys based on g
the Mg-2r system, differ from the ML5S
alloy in having higher corrosion resis-
tance, particularly the VML2 alloy (see
Corrosion of Magnesium Alloys, Piotect-

ion of Magnesium Alloys). Detalls made

2NA0
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and elevated femperatures.
1) ML ; 2) VWML ; 3) test
temperature, °C.

.=n/-! 1

S\ \N S
;\ N
SN Vo

00 390 300 350
4 Towmspanyse uiswosnus, *C

g.

Flg. 6. Stress-to-rupture
limits of cast magnesium

alloys (after 100 houng
1; kg/mm2; 2) VML; 3)

4) test temperature, °c.

O%.. et

=\

..

0 Nas
1%¢ 200 250 300 350
4 Tommpogype vcrumenms *C

Fig. 7. Creep limits of

cast magnesium alloys \ag-

ter 100 hours) lz
2) WML ; 3) ML ; 4) test

O~

tempersuure, <

from the high-temperature cast megnesium
alloys are used after anti-corrosion
treatment of the surface application of
inorganic films and paint coatings. The
processing properties of the high-tem-
perature cast magnesium alloys in com-
parison with the properties of the MLS
alloy are presented in Table 9. These
alloys are used for the production of
large cast detalls. Thanks to the pre-
sence of zirconium, which effectively
refines the grain, the& have more uniform
(in comparison with details made from
the ML5 alloy) mechanical properties sc-
ross various sections, close to the pro-
perties of individually cast specimens.
These alloys are less prone to the for-
mation of microporosity in castings and
have high hermeticity. In the design'of
spruce systems account must be taken of
the high shrinkage on solidification of
the.high-temperature cast magnesium al-

loys in comparison with the ML5 alloy. To prevent combustion of the me-

tal in the forms, the same protective additives as are used for the ML5S

alloy (see Magnesium Alloys) are added to the molding and core mixtures

and to the paint for chill molds.

Casting of the high-temperature cast magnesium alloys is performed

at temperatures 10-20° higher than used fcr the ML5 alloy. The casting

temperature varies in the range of 720-800°. All these alloys are easily

2070
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TABLE 9

II-12M8 o - o ; |
Processing Properties and Solidification Temperature of the Alloys i

L RTYY) ’ ;
Caoficraa N P i
A Iaite | M.ato "I M o nacrs ez | oM
$ Terun-ps pavans wpw- 3
craamanm (°C) .. (1Y ] 650 645 (11 ] 843 (3] Shy H
¢ Temn-pa wxowna xpw- - .
eraanmannn (*C) . . 585 5535 5980 560 383 . 5k 400
7  Hurepman  kpecTAAAN- . .
saqmn (*C) . . . . . .. (2] a5 L1 (1] 3 53 I
8 Jinmcfnan yeaana (%) § 1, 2«1. 40 1,20, 80 1.2=1.5] 4,30, 4] 0. 3=0.5) 1,30 5}1.1-1,3
~ 9 EMaaporexynects (a0

RAANNC (TANTOPO NPYTXA; . :
Comm) i 250270 250 27029 - - 210250 | 200—-300
10 Cranwmocts k nBpasona- .

NAN POPANAT TRCUIRM (N0
TomNPMNe KOJMIA B Wi, .

npm - x-pof NOARINCTCNR ..

nepran Tpeumun) . . . 27.% 30 20-23% - 25 0 30-23%
11 xAOEROCT. k. ofipaaos .

‘RANND MURDIPNTTOTM

(cpeannft  Banr  Mwxpo-

PHYACTH DI COTEIHRANNN

poaopona 20 emt 2 100 ) - 12 10 9.8 13 0 - - 1)
(Rmaxan) | (ndaxan) (e g 1,,'”-,1".“)“
16 o .17 wnmar) 17 14
1S Pepwernunnets . . . .| IMosw- [[losnsren- | Buceoxsn ;mc--nn Bucomas {ilonmmrn-| Lpoannn 3¢
wennaN 3 wan

nan :
18Tenn-pa anrsn (°C) | 720—800 7:u—wo‘ 720800 | 720-800 | 720800 720=yue. | 70nni0
10PexnenIye e  BASM -
ANTBAE . . . . e s e . B necxanymo $opuy n 5 KOKRIS D neesanym (upuy B nersa--| oo nean
10 1 WY QOopvy | TRTAN
. ® 8 EeKicn) 33
0 -

1) Properties; 2) alloys; 3) ML ; 4) VML ; 5) temperature of beginning
of crystallization; 6) temperature or end of crystallization; 7) cry-
stallization interval; 8) linear shrinkage; 9) fluidity (in terms of
length of cast rod. mm); 10) tendency to formation of hot cracks (in
terms of width of ring in mm for which the first crack appears); 11}
tendency to formation of microgorosity (average microsorosity number
with hydrogen content of 20 cm3 per 100 grams); 12) low; 13) very low;
14) average; 15) hermeticity; 16) higher; 17) high;-18) caesting temper-
ature; 19) recommended forms of casting; 20) sand and chill mold; 21)
sand; 22) all forms of casting.

argon-arc welded using wire made of the basic alloy as_the filler mat-
erial. The mechanical properties of the alloyé on specimens cut across
the weld seam, as a rule, are no less than 80-85% of the properties of
the parent material. Detalls are heated to 350-425° before welding, and
are subjeétéd to heat treatment after welding using the Qonditions |
shown 1. Table 10.

The following charges are used for the production of fhe alloys:
grade Mgl magnesium (GOST 804-€2), metallic zinc of grade no lower than
Ts2 (GOSTn36MO-h?), mischmetal (mixture of rare-earth‘metais with cers

ARLe

ium content about 50%), ligature of magnesium with‘15;80% neodymium (or ¢

o~
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metallic neodymium), ligature of magnesium with 10-30% thorium (or me-
tallic thorium in the form of chips), ligature of magﬁesium with 20-50%
zirconium obtained by smelting potassium fluozirconate'(KEZer) with
magnesium in the preéence of haloid slats of-the alkall and alkaline-
-earth metals. Meltiﬁg and éasting,'ﬁechahicai wérkihg, etching of the -
magnesium-thorium alloys are performed obserﬁing special rules for cafe-

ty engineering because of the natural radlioactivity of thorium,

TABLE 10

Heat Treatment Regimes for the High-Temperature Cast Magnesium Alloys
(cast in sand and chill molds) .

3 Jaxaans 3 Crapenne
Canse u ero rpemy npevs
1 COCTUANNG [TeNN-D8 | aMaALPx- [Tesit-pa] suicp-
(*°C) [t (wae)} (°C) KN
s ) 4 [] 4 S(wacw)
T OMHINT8 L L] 530 1318 200 {2t
MJI10-TS . . ] 530 {218 200 12—-16
MA1-T4 . .| 57¢ 4—~8 - -
MJitt-T8 . .| 370 (e 200 A6
M 14T . . - -— 1S 18
TBNJIL-TG . .1 5710 2 200 is

Hemarks. Casting of the alloys and cooling after aging are performed in .
air. Heating for tempering must be performed in a reducing or protective
atmosphere, usually sulfur diloxide (iron pyrites at a ratio of 0.5-1l.C
kg per m> of furnace are added to the furnace charge). LCetalls are un-
loaded onto a metal plate to increase the cocling rate.

1) Alloy and temper; 2% solution treatment; 3) aging; 4) temperature;
5) soak time (hoursj; ) ML ; 7) VML.

Mold‘césting must be performed 1n a separate, specially equipped
facility. Working operaticns assoclated with the formation of dust, a-
erosols, gaseous decomposition products must be performed either in sep- ..
arate facilities or on equipment which 1s covered and hgs local exhaust
ventilation. The MLO, ML10, ML1l and WML2 alloys do not contain radio-
active additive and therefore, detalls made from them are fabricated in
conventional shops. The high-tempefature‘cast magnesium alloys are used'._
for casting details of various flight vehicles whiEh are subJéct to

| 2072 - | | |
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heating during operation. The ML1l alloy (chearest) 1s used to produce
detalls requirinz high hermeticity, operating at both elevated and room
temperature, for example, pump cases, fittings, etc.; damping detalls,
since the damping capability of the alloy is the same as that of iron
while the thermal conductivity is higher by a factor of two.

References: see Cast Magnesium Alloys.

N.M. Tikhova
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HIGH—TEMPERATURE LUBRICANTS - plastlc lubricating materials used
to ensure normal operation of friction units atbtemperatures of 120~
400°. o |

NK-50 lubricant (GOST 5573-50), whichvis used principally in the

- bearings of aircraft wheels, 15 obtained by thickening MK-22 high~-vis-
cosity oil with sbdium scaps of hydrogenated and nonhydrogenated fats

and contains 0.5% colloidal graphite; 1t is capable of prolenged oper-
ation at 120-130° and brief operation at 15-180°. Its shortcomings in-
clude its sblubilitylin water and 1ts poor operational characteristics.

at low temperatures.

TsTIATIM-221 lubricant (GOST 9433-60), ethylpolysiloxane thickened
with a complex calclum soap, 1s recommended for use at temperatures cof
from —60 to 150°; 1t can be employed for rather long periods at high
temperatures, ensuring normal operation of rolling-contact bearings
for 30-50 hr at 180° and 10,000 rpm. The modificapions of this lubri-
cant are TsIATIM-221s (VIU NP 18-58), VNIINP-214 (VTU NP 37-53), and
| VNIINP;220'(éon£aining 3% molybdenum disdlfidé; vTU NPri7-58), khich
are based on more heat-resistant methylphenylpolysiloxanes and are
used at temperatures of up to 180-200°. 'VNIINP-235 lubricant (VIU NP
78-60), which 1s produced by thickening methylphenylpolysiloxane with
a plgment of the indanthrene serles, can be employed'at temperatures
of up to 250°; 1t 1s not recommended for use in bearings operatihg at
high speeds. This lubricant has low evaporabllity, good water resist-
ance, and high mechénical stability. DNIINP-211 lubricant (TU NP 33-59),
which 1s produced by thickening phenylmethylpolysiloxane with graphite ’

| 2074
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and 1% indanthrene, can be used at temperatures of ub to 250°; it en-.

sures normal operation of ball bearings at speeds of up to 10-15 thous-'

and fpm.

VNIINP-210 (TU 72-60) and PFMS-4S lubricants, which are highly

concentrated pastes consisting of graphite and liquid phenylmethylpoly- .

siloxénes, are intended for operation at 300-400°., The former contalns
additioﬁs of ‘indanthrene and molybdenum disulfide and 1s generally em-
ployed in low-speed or pendulum-type sliding and rolling-contact beab-‘
ings; it can also be used to prevent "freezing" of threaded Joints and
has a service iife‘of up to 10 hr at 1its maximum temperature. VNIINP-
225 luﬁrlcéht (VTU_12—61), which conslsts of polysyloxane thickened
with'molybdénum'disulfide, 1s employed at temperatures of from —-50° to
350°, It is used principally to prevent sticking of threaded compon-
ents at high témperatures and, in some cases, to lubricate friction

units,

V.V. Sinitsyn
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HIGH-TESPE?ATURE Tﬁsf, mechanical — is the determination of the

"mechanical properties of predominantly heat resistant alloys and non-

matallic mate:ia;s'at'temperatures higher than the room temperature.

. The most simple high-temperéture test methods are the so-called short-

time tests of spe;imens'for static elongation at constant temperature
détermihing the saﬁe strength and plastic properties of fhe material

as in static tests at room temperature (see Tensile Test). Short-time

tests are carried out, as a rule, on usual tensile-test or universal
testing machineS}ﬁith constant motion of the active clamp (the IM-4R
pggb}pgnges;gpgdlﬁy TsNIITMASh is mostly used for this purpose), pro-

vided with heating systems and thermocontrollers. In addition to the

static short-time tensile'tests, compression, torsional, hardness and

' 1mpact-bending ﬁeSts with detenhination of the impact strength are car-

'ried out on hegted'épecimens. For short-time tesfs, the specimen 1s
usually heated for 20-30 minutes and then destroyed within 1-3 min. The
results of strength and creep tests in which the loading'and heating

_ times continue seconda only, for arrangements whose life is measured by

seconds or minutés‘acquire an especlal importsnce. The determination of
the "secondary" strength and creep has cbtained a wide spread. In con-
trast to tests'at toom;temperatuie,jthe results of shoft-time (static)
high-temperaturé tests depend strongiy on the deformation rate and the
fotal test time. This dependencé is caused by the creep phenomenon
(GOST 3248-60) observable in all structural materials and consisting in

continuous increase of the plastic deformation 1n tume under a constant

" load and at high teéperatures; the active stress may be in this‘case

2076
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considerably lower than the yleld limit of the material (at the same ‘
temperature). In practice, the creep phenomenon may cause inadmissibdble :
large deformations or destruction of machine parts at a relatively |
small load which acts for‘a long time, however. Creeping and endurance

tests (see Creeping Test, Endurance Test) are widely used for the in-

vestigation of material properties at high temperatures and under long-
time acting’constént loads. The creep phenomenon of materials at high
temperatures may also take effect in the relaxation of stresses, i.e.,
in a spontaneous decrease in time of st;esses in machine parts which
operate at the condition of constant deformatlon. Stress-relaxation
tests at a given (fixed) deformation of the specimen and measurement of
the relaxation of the load (stress) in time under the action of a high
temperature are carried out to investigate the so-called relaxation
stabiiity of materials.

The results of short-time and long-time tests at high temperatures
were found to be insufficient for the evaluation of the operating re-
liability of responsible machine parts working at high temperatures and
under a repeatedly changing load causing fatigue phenomena in the ma-
terial. In this case, the investigation of the fatigue properties of
the material at high temperatures (drawing of the endurance curves, de=
termination of the endurance limit and ascertainment of its dependence
on the test temperature) is necessary. Program tests at high tempera-
tures permit the investigation of the physicomechanical properties of
materials in unsteady loading and heating conditions, reproducing.the
character of change in load and temperature 1n the working process of
real machine parts (gas-td}bine blades, for example). Tbe operating
reliabiliﬁy of many parts and units of modern machines depends not only
on the temperature and the load but also on the properties of the work-
ing medium (the corrosive, cavitation, and erosion effect of fluids o

2077 o
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and gases, for example, which are in a laéting or short contact with
the part). This caused the development of test methods under simultan-
eous action of high temperature and load in a given working medium (zas,
steam, fluid, molten metals and alloys, etc.). The mentionad methods
are used, for example, on materials which are destined for the produce
tion of nozzles of Jet engines (erosion effect of hot gases at a high
outflow velocity), pipelines (danger of cavitation effects), etc. Cer-
tain technological trials, the test for stamping in hot state, for
example, and others, belong also to the high-temperature tests.

References: Borzdyka A.M., Metody goryachikh mechanicheskikh 1spy-

tanly metallov [Methods of Hot Mechanical Tests of Metals], Moscow,

1955; Gintsburg Ya.S., Ispytaniye metallov pri pdvyshennykh temperatur-
akh [Testing of Metals at Elevated Temperatures], Moscow-Leningrad, |
1954; Sichikov M.F., Metally v turbostroyenii [Metals in the Construc-
tion of Turbines], Moscow, 1954,

I.V. Kudryavtsev, D.M. Shur
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HIGH .TEMPERATURE WROUGHT MAGNESIUM ALLOYS are magnesium alloy:z |
which lose their strength slowly at high temperatures (> 200°). With
regard to degree of strength at high temperature, the wrought magnesium
alloys are arbitrarily divided into three groups: 1) the alloys suite-
ble for long time (> 100 hours) operation at temperatures to 150°. This
group includes the MAl alloy of the Mg-Mn system and also the alloys
with high aluminum and zinc content — MA2, MA2-1, MA2, MA5, WM65-1 and
VMD2 (see Low-Strength Wrought Magnesium Alloys, Medium-Strength Wrought
Magnesium Alloys); 2) alloys suitable for long time operation at temp-
eratures to 200°. This group includes alloys of magnesium with manganese
and small additions of mischmetal or aluminum and caletum CFAB and MAS)
and those with high mischmetal content (VM17) (see High-Strength Wrought
Magnesium Alloys); 3) the alloys suitable for long time'operation at
temperatures to 250-350°, This group includes the alloys with the rare-
earth metals-neodymium or ytirium — and the alloys with thorium (MAll,
MAl3 and VMDl). The alloys of the third group have high strength at
high temperature. The MAll allcy of the Mg-Nd-Mn-Ni systen has adequate-
ly high stress-rupture and creep limits at temperatures to 250° and also
has high ultimate strength to 300°. It is used for long-term operation
to 250° and for short-term operation to 300°. It is basically used for
the production of extrudings and stampings, sheet and plate ;ay also be
‘rolled. The elloys MAl3 and WDl of the Mg-~Th-Mn system haveithe high- |
est creep and stress-rupture limits at temperatures of 300-3§O°. They
can operate at temperatures to ?SO° for long perilods and’ bri%fly to

400°, The primary use of the MAl3 alloy is the production of\sheet and
sn70 ‘
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plate, the VMDl alloy is used primdrily for extruded mill progucts and
stampings. The chemical composition. of thevhigh;tgmperature wrought mag-
nesium alloys is presented in Tablg 1, the"ﬁgéhanicél properties are

given in Tables 2-9.

Chemical Composition of High-Temperature Wrought Magnesium Alloys

1 1 © DN e (¢ T one 3 Cozepwanwe npwwccer, we Gaaee (%)
Caaas R : i T pereme

Ma Nd Ni Th Mz Al s | NI Zn ’ Si Be e npm«-‘-

cn

AL S A9 | = fsoenfo.z] 00 — to.2lonlovzle.on 0.3
MA{LS oéz; Al IS ;7= [Fome | 0.2 | .08 0,005 0.2 [o.15{v.02[0.05] 0.3
BMaAL] 1.0~ — - |25 o 10.2)0.05 0w0sf 0.2 v.15]0,02{0,08] 0,2
? 20 3.5 o

1) Alloy; 2) content of basic components (%); 3) impurity content, not

more than (%£); 4) other impurities; 5) balance; 6) same; 7) WMDL.

TABLE 2
Typical Mechanical Properties of Mill Products at 20°

. 2 l 3. E | Sm ‘ Oos ‘ o 8 ‘ *
Cmass .| Bu3 noaydeSruxara MatepEais
-4 (xa;mat) . (L-3)
MA11 . . |IIpeccosanuma mpyrox T6 4250 ] 14 28 10 12
D239 mu P
Swcr yomumnon Te 4250 ) 8 | 13 | 28 10 | -
0.8—3.0 aum

) : ; ]

BMAt . .| Npeccosanmuf upyron Fopawenpeczo- 4250 17 .25 30 5 10
] BAHKNH 19 - . -

MA13 . | dwer 11 : T8 . j42s0 s | 18 0] ¢ —~

1) Alloy; 2) form of mill product; 3) material condition; 4) (kg/hme 3
extruded rod, diameter 25 mm; 7) sheet of thickness 0.8-3.0 mm; 8
WD1l; 9) extruded rod; 10) hot extruded; 11) sheet.
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TABLE 3 |

Mechanical Properties of High-Temperature Wrought Magnesium Alloys at
20° as a Function of the Type of Test

|
2 3 4 Cwarne s Kpyseuue fpea |7 :
! BH1 noaye Carronnne [} l LY "n .‘ ., % ;{— .5 ‘s ‘
Cnsas | galpnnare MATCpRANS i i - -’ 2 ”"'n :
(ss'ma?) g = e man }
i v ]
t1 " :
MALI ll:v:t;.:::nmm T8 16001 a0 12 -— ) 22 17 (0, 35) n,3
)y
MAIS [ Twer 12 . T 1600 | — - -— — - 2.3} ~ 7
13BMAL | 1w ccosanunnft’ | I'oprsenpeceos t6uY | -~ 18 1" - - f10 .65 1
14 upyron 18 mannaf

*Determ}ned with cantllever bending of rotating .;pecimen on basis
of 210! cycles. : ‘

1) Alloy; 2) form of mill product; 3) Eaterial condition; 4) compres-
sion; 5) torsion; 6) shear; 7) (kgm/cm<); 8) (kg/mm<); 95 T pts; 10) 7
sr; 11) extruded rod; 12) sheet; 13) VMDl; 14) extruded rod; 153 hot ex-
truded.

TABLE 4

Notch Sensitivity of High-Temperature Wrought Magnesium Alloys at Var-
lous Temperatures

20¢ i -70° 20

2 RuGpanmor-
Cnasp Cratuweexan ".c 3
(y=2,2) —3
°l
=1
4BMI 1,2 1.1 1.4
MATI 0.9 0.93 1.7

1) Alloy; 2) static; 2) oscilletory; 4) VWD 1.

" TABLE 5

Mechanical Properties of High-Temperature Wrought Masresium Alloys at
Low Temperatures

y 2 R ‘ —10¢ TTR
Bua navy- Cocrranune '
Cnass “Gplltl;l Marepuaaa o O 8 b ' hini [ /
* 9
4 (xsjmat) i (xs.mn?) )
?
SBMAOL .. .|Mpyrox 6 ropn:enpoecoun- RI - - — -—
Y
MALL .. . |JImer 8 TS 30 13 » b ] 13 []
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TABLE 6

Alloy; 2) form of mill product; 3) material condition; L) (kg/hmz);
VMDl; 6) rod; 7) hot extruded; 8) sheet. _

Mechanical Properties of Extruded Rods at High Temperatures®

) MAlY Bl
2

L]

) %) | (xemjca®) (%) | (nemean

(ne/mm®) & 3 (xa/mm?y &

200 3700 1 12 22' 14 — 4000 " 15 11 12 —
230 13400 ¢ .10 1¢ 1?7 0.8 oy ] 14 17 12 -—
300 |39 H 1 1% 22 0.2 3840 s 11 13.% 1) 1,2
350 - - [ ] 10 50 0.6 200 4.5 9.5 11.% 29 1.8
406 - - — 1.% [ 1] -— 2000 2.% 3.5 ] 24 >2

# Material condition: MA11-T6, VMDl — hot extruded
1) Temperature; 2)c pts; 3) (kgm/cmz); L) (kg/mmz).A

TABLE 7

Mechanical Properties of Sheet at Hight Temperatures*

. MA1L e MA13 *eo
Tewn E {30 o i ¢ E |’ 0 ' o o

('C.)’. na X s (.t u X 0 ’
o) %

(xo/mm?) 3 ' (ve'nut) 3 K

200 3430 7.% 11 20 18 -— 5.% 12.5 ] 16,5 -
250 3400 6.5 10 18,5 18 3800 5 12 14 -]
300 - -— 8.5 1Y 28 3800 4 12 13,5 7
350 — — —-— 8.8 5 3100 3.5 9 10.5 ]
400 —-— l -_ -— — - 2000 k] 8.5 ] ts

#Sheet thickness 0.8-3.0 mm; material conditign: MA11-T6, MA13-T8
##Pndurance 1imit at 250° for rods is 7 kg/mm<, f
###Pndurance limit at 350° for sheet is 3.5 kg/mm

1) Temperature; 2) o pts; 3) (kg/hmg).

TABLE 8

gr sheet 5 kg/mm

’ ’ . .
Stress-Rupture Limits of High-Temperature Wrought Magnesium Alloys* .
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PN 280 } RO A
' i 2 fua noayead. | 7™ | 0w | an | oa | ae | o | oo |
Cuaas PunaTa e : —
3 (xramt) i
Mant .. 4 Npyres 1) o | - .| 2 o
Jmcru - 1 - » - 1 . ,
MA13 .| 8 amcrw , - I - ' : ; . ‘ ' 7 ’ [ s ’
5 —_—
BMIl . . l ¢ Tnyrsn I - ' - l - !n.s‘ : I ’ l - l s

| *Material condition: MA11-T6, MA13-T8, WDl - hot extruded
1) ?lloy; 2) form of mill product; 3) (kg/hmz); 4) rods, 5) sheet; 6)
VMD1. ‘

TABLE 9 Physical properties of the high-

Creep Limits of High-Tem-

perature Wrought Magnesium temperature wrpught magnecium alloys.

Alloys* Alloy MAll: v = 1.8 g/cu’; a = 25.7-10°
. 200°]  250° | Svos  |380° (20 - 100°), 28.7‘10-6 (20 - 200°), 20.4-
v i 3 R
conan [avgadne. | 3 ’ E : i 107 (20 = 300°), 29.3-100 (100 — 200°);
2 (e 30.1-10‘6 (200 - 200°), 1/°C; A = 0,26
ol 240l Pl B Bl AR Bl B
adil (25°), 0.27 (100°), 0.28 (200°), 0.28
lualsnmu'-i—l—l-ls 2.3 on o 2
—— (400°) cal/cm-sec-°C; p = 0.0621 ohm-mm
maas | oym | - | - | s =] e]zs 3
/m. Alloy MAl3: y = 1.78 g/cm”; a = 25.6°
*Material condition: 10-0 =0 JRRP . °
MALICTE. MAL3LTE. 1077 (20 - 100°), 26.6:107° (20 ~ 200°),
VMD1 -~ hot extruded 27.7-10"° (20 — 300°), 28.7-10"8 ( 20 —
.1) Alloy; 2) form gf mill . 6 , -6
product; 3) (kg/mm°); 4) 400°), 27.7-107° ( 100 — 200°), 29.8-10
rods; 53 sheet; 6) VMD1. -6
(200 -~ 300°), 31.6-107" (200 — 40C°),
32.3'10‘6 (400 = 500°) 1/°C; A = 0.29 (25°), €.30 (100°), 0.31 (200°)
e >
0.32 (450°) cal/cm-sec-°C; p = 0.061 ohm-mm /m; ¢ = 0.25 (10C°), 0.26
(200°), 0.28 (200°), 0.29 (400°) cal/g-°C. Alloy WMDl: v = 1.81 g/em3;
a = 26.9-106 (20 - 100°), 27.9-107% (20 - 200°), 28.9-10°6 (20 — 300°)

30.2:1070 ( 20 - 800°), 30.6:107® ( 20 - 500°) 1/°C; A
© 0.320 (100°), 0.31 (3200°), 0.33 (400°) cal/cm-sec-°C; ¢

0.295 (25°),
0.25-(100°),
0.26 (200°), 0.275 (200°), 0.20 (400°), 0.30 (450°) cal/g-"C; p = 0.0582
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ohm-mma/h.

~ Alloys MAl3 and VMDl have satisfactory (same as the MA8 alloy)
corrosion resistance andfthe MAll alloy has somewhat low corrosion re-
sistance. None of the high-temperature wrought magnesium alloys are sub-
Ject to stress corrosion cracking{’Protection from corrosion is provid-.
ed by paint/lacquer coatings appliéd over the oxidized surface (see
Corrosion of the Magnesium Alloys). For long-tem storage, parts are
piotected'by the irvinylpercho enamels, and for operation at high tem-
peratures they are‘protected by the siloxane enamels.

The VMD1 alloy is not strengthened by heat treatment and can be
used in the hot-deformed or annealed condition. in crder to improve
creep resistance the MAll and MAlx alloys are subjected to heat treat-
ment: the MAll alloy 1s solution treated and artificially aged (T6 con-
dition), and the MA13 alloy is subjected to sclution treatment, inter-
mediate cold rolling and| artificial aging (T8 condition). Thé thermal
regimes for'castiné, pressure working and heat treatment of the high-
temperature wrougtﬁ ﬁagn sium alloys are presented in Table 10,

TABLE 10 :

Thermal Regimes for Wofking the High-Temperature Wrought Magnesium Al-
loys o _ . _

2 3 1
i Jinree ,?f,";,",,":;‘: 4 Orwemr 5 Jaxsaxa 6 Crapewne
* ' i TeMn-pa | »peun Texn-pa | mpess | remn-pa Bpeun
? rexnpa (°C) | T (acy l. (vacw) |7 10 |acsacny {1 coer |8 (eace)
MA1LL 710-730 350480 350 1 480500 [} 173 24
MAY3 1'710-23C 300—~480 400 1 350570 ] 200 18
’Blnl 710730 380—6?0 400 1 - - — -~

1) Alloy; 2) casting; 3) |pressure working; 4) anneal; 5) solutiocr treat-
ment; 6¥ aging; 7) tempeﬁature; 8) time (hours); 9) VMdl.

The processing plasticity of the MAll alldy for extrusion and
stamping-forging on presses in the temperature range 425-480° is satis-
factory, but the plasticity is low for rblling. The permissible degree
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of deformation per heat in stamping-forging is 50-60%. Cheet stamping i
can be performed at temperatures of 350-400°. The limiting coefficient
for the first draw is 2, the minimal permiésible bend radiusris'3s (s
1s the material thickness). The processing plasticity of the VMD1 alloy
for extrusion and forging-stamping in the temperature interval 380-480°
is satisfactory. The MAl3 alloy has the highest processing plasticity
in all forms of pressure working. Sheet stamping of the MA13‘alloy is
performed at temperatures of 300-400°., For sheets 1.6 mm thiék the per-
missible bend radius is: (5.5 — 6)5 at a temperature of 20°, (2.5 - 4)s
at 300°, (2.5 - 3)S at 370°, 1.2S at 425°, wnere S is the material
thickness. The 1limiting coefficlent of the first draw is 3 — 3.2. Ex-
truded mill products made from the MAll alloy are welded satisfactorily
using argon-arc welding with well thickness to 5 mm. Argon-arc weiding
of sheet 1is difficult in view of the high tendency of the alloy to for-
mation of cracks during welding of thin sectlons. Resistance welding
causes no difficulty. The MAl3 and VMD1l alloys are satisfactorily argon-
arc welded. When welding using a filler of the parent materiai the str-
ength of the weld Joints at room temperature 1s 70% of the stfengtn of

- the parent material for the MAl3 alloy and 60% tor the WDl alloy, ana
at clevated temperatures (=00-400°) the strengths ars 80-50% of that of
the parent material. when using as the filier material an alloy with
2.7% Zn, 0.7% Zr and 3.8% Th, the strength of the weld joints is 1ﬁcrea-
sed at room temperature, amounting to 90% of the strength of the paient
" material, but at higher temperatures the percentage will be lowef.‘The-
strength of weld Joints of the MAl3 alloy at room temperatﬁre kithout
removal of the weld bead 1s on the average 70% of the strength of the
parent material, for the VWDl alloy this figure is 60%. The strengﬁh'of
the weld spot fcr cheet of the alloy MAll as a function of temberature

1s shown in Table 11.
2NR&
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TABLE 11

Mechanical Prcperties of
Weld Joints for Spot Weld-
ing of MAll Alloy Sheet

Tewmn. re | i
l.wﬂﬂﬂﬁ,;m 200 | 230 wﬂaw[wo

2 Pany yrano- ’
WA marvys
wg B onpg o
cpres (18} 430 4101 4001 AN [ 4201 38¢
3 Paspyn e~
wee warpvIe
va I arwon
P (a0 258012701200 310! 3001328
A

1) Test Temperature; 2)
shear failure load P (kg);
3) tensile fallure load P

(kg).

The alloys MALF and

radioastive thorium in
therefore, all forms of

performed 1n accordance

gulations. For applicati

working muce
with speclal

cn of the hig

temperature wrought magnesium alloys

Magnesium Alloys, Wroughtlﬂagnesium A

loys.

References: see article on Wroug]

Magﬁesium Alloys.




HIPFRCO — see Magnetic Materials with a High Mume*ic Saturatic
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HOMOGENIZATION OF STEEL — diffusion annealing to Improve the macr

structure and equalize the liquation inhomogeneity of st:el which was
pfoduced upon solidification of the ingot or cast compenent. Homogeniz
tion of steel consists in heating to a high teéperature‘(1000;1250°)
and prolonged holding (10-20 hours) which is needed for diffusion
equalization of the chemical compocition. Shaped steel can also be hom
genized. Homogenization improves the plasticity and ductility of steel
and in shaped steel it improves the impact ductility, primarily across
the fiber directicn. It was establishéd that homcgenization of ingots
(at 1200-1270° for 2 hours) results in reducing the tendency of ailoyet
structural steels to the formation of welding cracks. Homogenizatidn
of‘finished semifinished prdducfs results in an excess increase in the
grain size. To remove this disadvantage, homogenization of steel shoul¢

be followed by normalization of steel or annealing of steel. After‘ﬁo-

mogenization of ingots or rolled blanks which are subéequently subject-
ved to hot shaping, heat treatment should not be used to reduce the
'grain size, since the grain size will be rgduced by the hot shaping. In |
certain cases homogenization of steel is performed to facilitate hot
ghapirg (primarily the snaping of stainléss and heat resistant steel).
Due %o the-high cost of homogenization, it 1s only used for high-qualit,
alloyed steel ﬁtilized for particularly critical componénts.

Ya.M. Potak
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HOMOLOGOUS (corresponding) TEMPERATURE — ratio of a given tempe
ature expressed in degrees Keivin to tre melting temperuture cf the -
material expressed in the same degrees. It is expressed in percent’or

in dimensionless unlts. The homologous temperature evaluates the degr-

3 2000 snting ¢ aparapenype N

Diagram showing the 1lnterielationship between homologruc temceratures .

in percent or in relative units (alcng the vertical axis), degrees cu
the 100 degree centigrade ccaie (upper horizontal scale) and absolute
temperatures (lower horizontal scale) for metals with different melt-
ing temperatures. 1) Homologous temperature, %; 2) temperature on the
100 degree scale, °C; 3) atsolute temperature, °K; 4) B.

of nearness of the given temperature state of a material to the melt-
ing pcint. Many quantitative lahs can bé discovered only when they are
expressed in terms of the homologousvtemperaturef For example,'éccord—
ing to tﬁe rule due to A.A. Bochvar, the recrystallization of metals
takes place at a constant homologoué temperature (0.35). The study and -
comparison of quantitative laws gdverning the effect of température on
the properties of metals with shérply differing melting temperatures is
facilitated by the use of the homologous temperature. Thus; cexparing
at 20° the properties of, for examplé, lead and iron, these metals are
studied at different physical states: lead at 20° 1s quite closé to -
its melting temperature (its homolbgous temperature 1s then about 50%),
while the homologous temperature'of iron at 20° 1s only 16.5%. The |
2089 o



K ) R DA i St e e o et e,

IT1-20t1

lead 1s thus 1n the reglon of hot and the ircn in tte repsicn of cold
deformation. It 1s more correct to compare the prOpertie: of trece
metals at equal hemologous temperatures, for example, at 50%, which

corresponds to 20° for lead and 630° for iron (figure).
Ya.P. Fridman
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'HOSE FABRIC — commerclal unfinlshed fabrics which are used in th
production of rubber hose; ensure strength and retention of dimencion
‘under pressure., Hoses are made from hcse fabrics which are produced o
ordinary looms and from sheathing made on seamless-weave locms. Rubbe
ized hose fabrics should have the warp and weft of “he same strength
and with simllar elongations.

Hose fabrics are made from rnttcn, rlax, acbestos and chemical
fibers; hose fabrics from glass fiuer and Khlorin are used for hoses
vhich carry.aggressive fluids. The physicomechanical 1indicators of vai

1ous hose fabrics are given in Tables 1-4,

TABLE 1
Physicomechanical Indicators of Cotton Fabrics for
Hoses
H Faspunnsn
1 2 AFPYINR 0w Yzamuenne 6
sftu:ﬂ;nn. Howep spman] npn ?‘l..:pult
Hawwenosauwe | Bec 1 m¢ X eence et Togmwns Wwpwia
Tranm 7} (. ne uEnee) 4 THaNR (M) T RNN
8 9 fem)
ocwosal yrox | ocwowal yrox | ocxoss| yrow 7
Avmaones 390+ %0 160 190 206 264 J2+) ;16221 1,2540 08 17y, 188
11 Kopaoues 10 T10438 | 213 | 235 {37,013 13713 108231822} 1.330.03 103, 107
Pywxsansn P-{ 80412 80 70 132 22 28431223 7.740.0% 197
12 Pveasan P-2 | 330318 a 94 1203 1203 f2023) 1827 {0.95¢0 08 107, 148
. Pyxanmax P-3 8134258 128 160 (122 123 12843 13423 t.1£0,03 107, 146
Pyxasnan P-4 820430 153 178 124 124 [ 2042} 15223 $.22v 1 183, 1wy,
13 Bpexwepnsa 23012 X ST 1k 178 [ 1288 ] 1224 ) 1,140, 110

1) Fabric designation; 2) weight of 1 m2 (g8);
50 x 200 mm fabric strip (kg, not less than);
gation at break (%); 6) fabric thickness (mmj
) warp;-9; weft; 10) automobile pneumatic; 1
breaker.

yarn number; 5) elon-
) fabric width (cmg;

pneumatic cord; 12

33 rupture load of a
3 7
1)
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TARLE 2

Physicomechanical Indicators

of Flax rabrics for Alr-
craft Rubber Canvass Hose -

":: N fHpmn Conpntunse
Hawwenonaune Apm- | litmpans - — "":og;“’_::" Rxx nepe-
Thans l ny® THEHE (em) 2; ncnnus | yrox Ox 240 s uIeTEHN®
2 3138841 nig w17
0M™O B3 dapevoft 11
1Qopama .. .., .. k31 Wit 435230 5 $ J118=12{ 126=13 Noarrra.
Hloxomo a3 ovsape- : woe
noft gpawn 10" hH 108..1.8 80419 it 1" $0=9 0~ .

of fabric

13 Fabric designation; 2) type; §) fabric width (cm); 4) ﬁeight df 1
m

g); 5) yarn No.; 6
strip (kg); 7
11) plain; 12) scoured yarn iinen.

TABLE 3

tensile strength of a 50 x 200 mm
weave typc; 8{ warp; 9) weft; 10
i

boiled yarn linen;

Physicomechanical Indica-
tors of Glass Fabrics Used

in Making of Hoses

H
21 3 |shy
13l s [g228] 5] 6
) = 3:?:_ H mlmulu
5 2 g2zss TRaHR
- + |g3e=d (ma)
g w [SEExE- X
HEEIPE
=18 3 7% - S-S
T.{0.27] 28518 {170 | 105} Tapwm- 800-.
Typosce| T00x10
T,10.27 285415 |180 sig s 8u0, 500
00;
- '1100;
1170218

i} Brand; 2) fabric thickness

nd of weave; 6) fabric w cth (mm);

TABLE 4 .

Physicomechaniéal Indicators of
Hose Fabrics

(mm)§~3) welght of 1 m2.of fabric
tenslile strenith of a 25 X 100 mm strip (kgé)not less than); 5

7) warp;

(%);

weft; 9) card weave.

Type 2088 Khlorin

1 . 3 : 5 Coumnuenn' 6
. MOy NBOROCK
Hiupwna N opres Toxmuns | Bec i a® 03200 n (nsy w8 Bua wan
f:\.I,l () @ newee) Depensete
G
ocwoss | yrom ocoss | gyrom
10323 ‘ 20/2 | 30/2 ] 0.8540.2| 330230 I 8025 | 3218 l g Capmesoe

1) Fabric width; 2) yarn No.; 3) thiékness
5) tensile strength of a 50 X 200 mm strip

of weave; 7) warp; 8) weft; 9) serge.

2092
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kg, not less than); 6)
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For len: (up *o 7. m) hore with a diameter of 29-125 mm and a
hirsh axial lead (up to 2% tens) the woven capron or anlde theathing ic
loomed directly cnto the rutter inner tuve.

Tc remove statlc electricity which Is renerated during the hose
operation several strands of 34, ©/6/3 cord threads in the cheating
warp are replaced by several threads of the 2, 5/6/2 + 1 copper
strands (Table 5).

TABLE 5

Physicomechanical Indicators
of Cord Ropes from Polyamide

Fibers :
“: ur-E:‘
¥ £x
Croyurypa wuypa | T §§.3 L;.E-gg
. 2538 | Sit
3¢ 8103 1 1 408 70 t
ISR 11,9208 183 "6 20
WD 16 241 mea-
mém cremea . ol 1.320.1 [}) 18
A
> ,
1) Repe structure; 2) thickness. (mm); 3) tensile strensth (kg); 4)
elongation for the given.strength (%); 5) copper strand.

All the cotton hqse'fabrics are made by plain'weave.

Breaker fabric has a moderéte density, Jdue to which, when it 1is
processed, the rubbef pene;ratés freely tells which are formed by muiu-
ally perpendicular threéds of the fiber, thus interlinkinz the rubber
layers. Breaker fabrié iﬁbarts to the hose a ﬁigh transverse stiffness
and 1s used extensivély in haking boring, steam pipeline and certaln
other kinds of rubberized hoses. In assemblying the hoses the rubber-
1zed breaker fabric 4is plaged éither between the inner tube and the
first lining or inside_thg<iayér_of the external rubber sheathing of
the hose. ‘:‘ o

Sheathing for firefhﬁées from cotton, flax and chemical filer yarn
are made on seamless wéave lobﬁé (TKP-125) as well as on standard

plane looms.




- _HOT HARDNESS - hardness which 15 determined at elevated tempera-

ﬁures by the 1ldentation method. Hardness ét ;empefatures up to 500° is
"ﬁeésufed by using ordinary steel ballé,'wbile at higher températures
(up to 930°) use is made of Pobedit béllé~which are ;ubjected to spe-
cial casehardening. The hardness which is'deter@ined‘at elevated temper-
atures by short duration (of the order of 30 seconds) indenting and thé
-ultimate strength at the same tempeéatutgé are related, and the charac-
ter of thelr changes aé a function of tﬁé chemical composition, pro-
cessing regimes, etc.,'fs'§Iﬁiii;fwfﬁémaéeep.ﬁafdhess method suggested
by A. Bochvar gives a comparative estiméfe of the reat recistance of
various materials, pfimarily lightAalloy;; The creep hardness 1s usual-
- 1y determlined after 1indenting for an hbpf,-when, as 1s shown by exper- -
lence, the rate of hardness reductionﬁbeéomes practically cecnstant.
"NumerouS’experiments have confimed the fact that a satisfactory rela-
:tiaxship exists between the creep_hardnesé and creep stfength charac-
tortstics. o ";ﬁ” e e
'References: Bochvar, A.A., "IAN SSSR OTN," No. i0, page 1359,
1947; Ot ispytanii na dlitel'nuyu tverdgbst‘ [on Creep Hardness Test-
 ing]; "ZL," Vol; 16, No. l,'bage'78,.195ﬁ; Mifkin, I;L., and Livshits,
© D.E., 1bid, Vol. 15, No. 9, page 1080, 1949.

N.V. Kadobnova
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HOT SHORTNESS COF STEEL 1s steel brittleness which appears at a

relatively high temperature 1in the process of for=ing, hot rolling anc

other fcrms of plastic dcformation. The brittle fractures asscclated
with hot shortness of steel are explalned either by the weakening of
the graln boundarles with 1lncrease cf the temperature or by the pres-
ence in the steel of a quite large quantity of a second phase which
differs markedly 1ln reslstance to plastic deformétion frcm the baslic
structure. In the carbon and alloyed constructional steel, the hot
shortness 1s primarlly due to the high sulfur content or high content
cf other‘low-melting impurities (copper and lead, for example). In the
alloyed stalnless steel with high chromium content, hot shortness 1s
indicaced by the appearance of the delta-ferrite structure at the de-
formation temperature. Reductlon of the hot shortness along with the

elimination of 1its causes can be achieved in many cases by lowering the

hot deformatlion temperature.

For technically pure iron the hot shortness temperature 1s in the
850-1150° rance, therefore hot deformation should be initiated at 85C°
or carrled out at 1250-1300°, interrupting the workinz as the iron
cools through the 850-1150° range. The detrimental effect of sulfur cn
the hot shortness of steel 1s explained by the formation of low-melting
eutectlics. To reduce the effect df sulfur, manganese 1s introduced intg
the composition of the periltic steel, and molybdenum into the composi-
tion of the austenitlc steel. Also effective are aluminum, titanium,
zirconiunm, calcium, magnesium and the rare elements which aid in the

formation of hly--meiting sulflides which are arranged in the steel
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structure in the form cf chains or individual incluslons. We must kee
in mind that the lcw-melting sulfides, as a rule, ére arranged along
; the 5fain beundaries, thus causing hot shortness of the steél.

References: Mes'kin V.S., Osnovy legirovaniya stall [Fundamental

of Steel Alloyingl, M., 1959.
Ya.M. Pot

el i 11
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HUGENBERGER'S TENSOMETER — 1s a lever device for the measureme
of linear deformations of specimens and constructions. Hugenberger!'.
tensometer (Fig.) 1s pressed with the two knife edges against the si

face of the specimen by means of a screw cramp. The one knife edge :

immobile, the other, due to the deformation moves around the axis by

L
* s e

Diagram of Hugenberger's tensometer.

means of a hinge-joint; the deviation of the arrow on the scale perm)

one to Judge the magnitudeiof the deformation. The distance between t’

knife edges (the basis of the device) 1s usually equal to 20 mm, cer-

taln models are made with distances from 10 to 1000 mm. The magnifica
tion factor of the device 1s about 1000C.

References: Avdeyev, B.A., Tekhnika opredeleniya mekhanichéskikh
svoystv materialov [The Techniques for the Determination of Mechanica:

Properties of Materials], 3rd Edition, Moscow, 1958.

N.V. Kadobnoy
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HYDROBIOTITE — see Vermiculite.
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- HYDROGEN EMERITTLEMENT OF STEEL - brittleness which appears as a
result saturation of steel by hydrogen. It occurs most frequently on
electroplating or etching of steel, can also appear when steel 1s hel
at a high temperature and pressure in 8 gasedﬁs hydfogen medium. In ¢t
process of electroplating the positively charged hydrogen ions are ad
sorbed on the component; the largest part of the hydrogen escapes to
the atmospheré, while a certain pert of it diffuses into the metal,
giving rise the hydrogen embrittlement. Two hypotheses exist which 1in.
terpret the hydrogen embrittlement of steel. According to the first,
hydrogen embrittlement of steel is a result of penetration of atomic
hydrogen into individual voids, pores or other defects of the crystal
lattice and its transformation into a molecular gas which creates a
tremendous pressure. According to the second hypothesls hydrogen em-
brittlement of steel 1s due to adsorption of atomic hydrogen at sur-
faces of the component and internal voids, pores and other metal dis-
continuities, with the result that the surface energy of the steel de-
creases, which reduces its resistance to embrittlement failure. Hydro-
geﬁ embrittlement of steel demonstrates itself in reducing its plasti-
city and when extensively developed it is demonstrated in loss of
strength; the hardness and physical prope;ties practically do not
change here. In many cases hydrogen embrittlement of steel results, un
der repeated locading, in reducing the»number of loading cycles which
the steel can withstand before failure, in certain cases the endurance
limit is reduced, the strength of high-carbon hardened steel 1s de-
creased. Hydrogen embrittlement of steel usually demonstrates itself
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most fully at room temperature and at a relatively low rste of load ap-}
plication. Under a higher rate ot loading (impact loads) or at very low
temperatures (-183° and lower) hydrogen embrittlement of stecl demon-
strates itself only in the case of extensive hydrorenation, and alco in
retarded failure cf steel comporents (forwexample, bolts). in thiuﬂcaié
fallure ensues some time afte: the application of é constant static
load which 1s considerably smaller than the ultimate strength. Hydrogen
embrittlement of steel is most dangerous for components with sharp
notches, small radii of cross-sectional transition, and other stress
ralsers and also for vessels operating under a ‘'high internal pressure,
The sensitivity of steel to hydrogen embrittlement increaseo as ine ul-
timate strength increases. In order to avoid the harmful effects of
hydrogen embrittlement it is not recommended to subject high-strength
Op 2 130-1&0.kg/mm2) and highly hard steel to any electroplating with
the exception of chrome plating (see High-strength Structural Steel).
Different metallurgical heats of the same steel brand have different
hydrogen embrittlement sensitivities. Most appreciable hydrogen embrit-
tlement of steel arises on cyanide zinc galvanization, it 1z less sig-
nificant in acidic galvanization, copper and cadmium plating. To reduce
hydrogen embrittlement of steel after electroplating the components are
heated at 180-200° for two hours and in certain cases for 24 hourg.
Electroplating interferes to a subsﬁantial extent with dehydrogenation.
Hydrogén removal is most substantially retarded by the zinc and to a
lesser extent by the cadmium layer. For components with an ultimate
1imit less than 130 kg/'mm2 dehydrogenation eliminates the hydrbgen em-

" brittlement and restores, as a rule, the initial mechanical properties;
high-strength steel in certain cases does not recover fully its mechan-
ical propertieé even after dehydrogenation. Cracks which are not elimi-

nated by subsequent dehydrogenation can form in the process of electro-
2100
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plating of compogénts with stresses'(internal or due to an external
load). Sometimes these cracks ariselin electroplating of components

~ which havé‘impressions, dents and other local defects, which are made
in the steel 1n'the'hardened state. Formation of cracks attendant to
electroplating of”highly-hardened wire as a result of the actlon of h;
drogen on thélst:eséed steel 15 also uvbserved, Hydrogen embrittlement
appears on both low-alloy and high-alloy heat-hardened perlitic and

. martenistic Steeis, including stainless steels. Austenitic steel 1is al
most uneffeéted.by hydrogen embrittlement, which 1s due to a certain
extent to the‘weak diffusion of hydrogen through the austenitic struc-
ture; Substantial hydrogen embrittlement, which is called hydrogen cor
rosion arises 1n carbon and alloyed steel when they are held at temper.
atures above 300-400° in a hydrogen’atmosphere under pressures of the
order of hundréds of atmospheres; hydrogen embrittlement of steel was
discovered at room ﬁempérature when the hydrogen pressure was 9000 at-
mospheres, Hydfogeﬂ corrosion is produced by the penetration of atomic
hydrogcn to the grain boundarles, decomposition of carbides and decar-
bonization. Steéls containing a substantial quantify c¢f chrome, molyb-
denum, tungstén and other elemehts which form stable carbldes resist
this kind of hydrogen embrittlement.

References: Mes'kin, V.S.; Osnovy legirovaniya stali {Pundamentals
of Steél Alloying], Moscow, 1959; Potak, YaM., Khrupkiye razrucheniya
stalli 1 stal'nykh detaley [Brittle Failure of Steel and Steel Com-

| ponents), Moscow, 1959; Moroz, L.S. and Mingin, T.E, O mekhanizme vodor-
odnoi khrupkosti stgli [Concerning the Mechanism of Hydrogen Bmbrittle-
ment of Steel], in the book: Metallovedeniye [Metal Science], collec-
tion 3, [Lentngrad], 1959. |
| Ya.M. Potak
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HYDROGEN EMBRITTLEMENT OF TITANIUM ALLOYC — reduction in rupture

7 strength and plasticity of material subjected to mechanical effects ac

a result of the precipitation of'the titanium hydride or microsegregu-
tion of hydrogen in defective spots ofithé crystal lattice. In titanium
and its Alloys it is possible td‘haye two kinds of hydrogen embrittle-
ment, the character of manifestaﬁion of which is determined bv the de-
formation rate. Both kinds are pécuiiaf of both a~ and (z + B8) titanium
alloys. Depending on specific conditions, one or the other variety of
brittleness can predominate. B

Hydrogen embrittlement of titanium alloys of the 1st kind arises

~-4dn the case when the hydrogen conteht‘is higher than the limiting solu-
bllity and the metal's structure contains particlgs of titanium hydride.

These particles can be regarded as notches
local stress concentratlons and softgning

ful effect of the hydrides 1s amplifiéd by

'in the close-lying.séction of the metai wh

the precipitation of the former due to the

of a kind.which produce

of titaniuﬁ alloys. The harme
the local tensile stresses
ch are-producgd attendant to

large specific volume of the

hydridic phase. The most probable point of| initiation and developmeht

of cracks 1s the interface between the tit%nium hydride particles and

the metallic base. This is attested to by #he color differenqe'in the

surface of failure which is light in the absence and dark in the pres-

ence of titanium hydrides in the structure, All the factors which 1n-

terfere with shaping (reduction in tempéra_ure, increasing the rate of

shaping deformétion, notching) amplify.hydéggen embrittlement of titan-

ium alloys of the 1st kind.
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Hydrogen embrittlement of titanium alloys of the 2nd kind arise:

when the hydrogen content is below the limiting solubility; here the
quantity of hydrogen which brings it about 15 the smaller, the slowel
the shaping deformation or the longer the metal is held in the stress
state. The causes and the mechanicm of hydroren embrittlement of tita
ium alloys of the 2nd kind are not as yet entirely clear, but 1t can
claimed that they are bused on diffusion processes, which produce a
substantial microsegregation of hydrogen at specific spots of the cry
stalline structure, which is accompanied by an increase in brittlenes:
All Lho factors whiich promote the diffusion of hydrogen (raisling of tl
temperature within known limits, distortion of the crystal lattice,
plastic deformatiocn, etc.) amplify the embrittlement of the metal. De-
formation aging, formation of the so-called Cottrell atmospheres and
absorpticn hypotheses have been put forward as an explanation of the
mechanism of hydrogen embrittlement of titanium alloys of the 2nd kind
According to the deformation aging hypothesis, when a material is held
in a stressed state or is deformed at a sufficiently low rate (such as
provides sufficient time for diffusion of hydrogen which is needed for
the formation of titanium hydride) very fine hydridic precipitates,
which produce embrittlement, are formed 1a the structure. The formatiol
of Cottrell atmospheres results in embrittlement as a resuit of in-
creasing the resistance to the displacement of dislocations. In accord-
ance with the last hypothesis, a layer of hydrogen atoms, being ad-
sorbed at the surface of the defectlve spots in the crystalline struc-
ture, reduces the magnitude of the surface energy and thus promotes the
opening and enlargement of cracks. |

\ Hydrogen absorption by titanium alloys can take place both at a
high temperature (at any stage of fabrication and processing) and also

at room temperature (during etching, corrosion, chemical and electric
2103
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}  treatment). Hydrogen can be absorbed also attendant to the uce of ti-

tanium produéts, particularly when subjected to aggressive media, hich

v‘:{5 temperatures and pressures. |

‘ ‘Titanium 1is a good absorber of hydrogen starting with room tempera-
turé. As the hydrogen pressure increases, the quantity of atoms which
are adsorbed increases. Titanium belongs to a group of metals which

~ actively absorb large amounts of hydrogen. One gram of titanium can ab-

gsort up to 0.4 liters of hydrogen. As the temperature is increased, the

quantity of hydrogen which 1s occluded is reduced. The rate of hydrogen

pressure of hydrogen are increascd. It also'depends on the chemical
composition and microstructure of tne alloys
and is highly'reduced at the surface of an oxi-

;fxt g' absorption by titanium increases as the temperature and the partial
i dized layer. The limiting solubility of hydro-

gen in a-titanium is substantially lower than

in B-titanium (Fig. 1). As the temperature is

raised to 3C0° the limiting solubility of hy-
Fig. 1. Consti-

tutional dlagram ‘ drogen in the a phase of titanium increases,
of the Ti-H system.

1l , ¥ by weight; Alloylng of titanlum is accompanied by changes
2) témperature, °C;

3 Hé, atomic %. in the limiting solubllity. If the hydrogen

content is higher than the limiting content,
then in the a-phase at temperétures below 300° a titanium hydride (v-
phase) 1s precipitated, the latter having a face-centered cublc lattice
with a period which varies from 4.395 to 4.450 A as tne quantity of hy-
drogenvin»the homogeneous region of the v phase 1s increased from 48
atomic %; to the limiting amount of 63.3_atomic %. The density of the
titanium hydride (3.84 g/cm3) is by 15% lower than the density of pure
titanium. Depending on the specific conditions, hydridic preclpitations

may situate themselves along the planes of slip or twinning, the inter-
| | 2104 |
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faces of the a and B phases, along the boundariles of’graiqs (Fig. 2a
and b). |

Flg. 2. Character of the precipitation of the hydridic phase of titani-
um. a) Titanium alloyed with 3% of Fe (slow cooling from 700° after
thermal diffusion saturation with hydrogen up to 0.03%); b) titanium
alloyed with 5% Fe (hg{dening from 700°, aging at 3INC° f~r 10O nours,

MMer A vim mmem A mrmdawmd A AN .
-

hytrcgen ccavent C.C27,. la.nlflcation iactor 400,

The hydrogen has no significant‘effect-on changes in the pérameterl
of the crystal lattice, electric resistance and magnetic properties of
titanium. Up to a known "critical” level (Talbe 1) which depends on the
test conditions, chemical compositién andvstructure of the alloy, hydro-
gen has no substantial effect even on the mechanical properties. Above

TABLE 1

Highest Hydrogen Content.
(at Which 1t Practically
Does Not Effect the Pro-
perties) in Titanium and
its Alloys Under Differ-
ent Test Conditions

&)’c:mun RETNTARNS

1 ¥ Pacrimenme l Ly,
A2p cROPOCTRED :
3 1 e atun | WIrm8 5
Coaas ot —1980 | |
7 20 +20° ‘:o'l -w‘ »20°
& Coaepwawme M, (%)
BTy ., ... 0,003 0,03010,01% 0
RT1-3 .. .. 0.00% - - .0
TIAIZ .. .. 0,010 Q.03010. 0106 -
RTS . .... 0. 020 0,420 10,015
TSt .. .. 0,039 0,0301q. 020
TIAIISnIY . . N, 030 U, 030}90,020

TIAl¢ 806 Cu2 0.040 |0 030
OoTA

..... 0.910 [0l03n 0. 910
BIS, RTIG .|~ - =
BTS¢

0O CH OO
. e e e e .
PO OOOO Cle
OV vy OO

-

- - X-X-X-%-3

.....

1) Alloy; 2) test conditions;
3) impact; 4) elongation at
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| the rate of 1 mm/hin

prolonged flexure; S rrom,'

7) to; 8) H, content, %. -
tﬁis levél, as the hydrogen content 1is increased, é_lowcring of mcchnan-
ical properties (Sk, ¢, ¥, aH) is observed up to transition of the me-
tal to the brittle state, When titanium hydride is precent in the strug
ture (hydrogen embrittlement of the titanium alloy* of the 1ct kind)
the hydrogen has the strongest effect on impact ductility (Fig. 3). In
the absence of hydridic precipitations (hydrogen embrittlement of ti-
tanium alloys of the 2nd kind) the effect o: hydrogen is most clearly
manifested in changes'gf plasticity when testing at a slow rate and in
the metal's resistance *»o retarded failure.- The character of plasticity
change is shown séhem#tically in Fig. 4., in which is seen that, as the
hydrogen contént is increased in a known temperature region (from -10C°
to +100°) the drop in plasticity is amplified (curves 1, 2, 3 and 4 in
Fig. 4). Curves of changes in plasticity in the presence of the hydri-
dic phase in the metal (curves 5, 6, 7, and 8 in Fig. 4)'are shown for

comparison; in the latter case, the higher the hydrogen content, the

- higher the critical embrittlement. The rupture strength of titanium al-

loys creep strength, resistance to the formation of cold cracks, etc. )
decreases substantialiy i1f their hydrogen content is increased above
the critical value. Hydrogen in amounts of up to 0.1% and more do2s not
produce substantial changes in the hardness, ultimate strength (attend-
ant to plastic failure) and the yleld point of titanium allcys (Table 2).
Titanium alloys with below-critical hydrogen content can be ob-
tained by production process operations which ensure minimum hydrogena-
tion of material in its fabrication and processing, and by strict con-
trol of the execution of these operations, In those cases when the hy-
ddrgen content of the metal exceeds the allbﬁable percentage use must
be made of vacuum annealing..Degaésing annealing is more expedient fof
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semifinished products and component blanks, Here the oxide layer muct

be removed from thelr surface. The annealing regime is as foll.ws,
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Fig. 3. Change in the impact ductility of titanium alloys at 20° as a
function of the hydrogen corntent. A) ay, kgm/cm2.

heating to 700-800°, holding for 4-2 hours, the vacuum not less than
1-10""3 mm of Hg, cooling in the vacuum. For more complete removal of

hydrogen from the metal, the holding time should be increased to 10-6

Flg. 4. Effect of the hydrogen content and test temperature on the
plasticity of titanium alloys. The dashed line shows the plasticity
level of a metal which contains less than 0.002% of Hp; the numbers de-
note curves which characterize the change in the plasticity of the met-
al at a higher, arbitrarily specified hydrogen content& which incrzases
gradually from 1 to 8. A) Plasticity; 2) temperature, °C.

hours, and the vacuum should be increased to 1-10‘4

-
-~
-

~1°10"° mm of Hg.

The degassing rate depends on many factors and, primarily, on the tem-
perature, degree of vacuum, the hydroéen content of the metal, staﬁe Qf;
the surface of specimens, chemlcal composition, etc. Degas#ing is= high-lﬁ
ly retarded at temperatures below 650° and also in the presence of an

oxide layer or surface coatings. The following methods of analysis'éré‘?'
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used to determine the hydrogen content of titanium alloys: melting un
der a vacuum, heating under a vacuun, spectral, spectral-izotopic and

gravimetric.

TABLE &

Effect of Hydrogen on the Mechanical Propertieg of Ti--
tanium Alloys at 20°

C  UsemRRTEe moInwiia (&%} o
Crass  [9.00210.018'0.650°0.002/0.01410.030 J,cﬂ'{ﬂ"‘!5["."341‘3'}.0‘)2@‘!&l'r[ﬂ."b‘!;'llfz"'U!'S.'L“'J') .

) v S‘ (nu'}} } L (x> ma?) R LN (:-nn“5 . 8(%) - t lifi (- mm?) 3 . - |
o N T S TS TS YR TR TR TR TR TR VS R TR R VR KT R TL } 1y \
TIAIS .. 95 o3| 38i a5 1 87 | ke ! 5o baa e f2a o1 s f2im{zie]zsy |
Ots .. ... pra s | o2l ma fander T aalrs e o b7 fase a2 |
L1 RSO R R A R I R AR R R R IR RER NI AR R A R bt \
BTt 118 | 4131 1G0 ] B8 | 8 | 94 i KT ] oaw | oaS | otw | 19 | s leonjamzilen
TIAISSatl . .24 | ice [ 108 91 | .93 ‘ tL 87 | w2 t LLIR AT § E 18 ‘ » {2*9{ 2”§2n 3

1) Alloy; 2) hydrogen content,‘%;,é) (kg/hmz).

References: MacQuillen, A.D. and MacQuillen, M.K., Tltanium,'tran
lated from English, Moscow, 1958; Galaktionova, N.A., Vodorod v metal-
lakh [Hydrogen in Metals], Moscow, 1959;.T1tan 1 yego splavy [Titaniunm
ana its ‘lloys;, Vol. 1, edited by L.S. Moroz, Leningrad, 1960; Livano
V.A., Bukuanova, A.A. and Kolachev, B.A., Vodorod v titane [HJdro~cn b

Titanium], Moscow, 1962.

B.S. Krylov, M.A. Nikanoro
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HYDRONALIUM -~ an obsolete name (1n Germany) of an aluminum-magr

‘agnalium) and of an aluminum-zinc alloy (see High-
Strength Aluminum Shaping Alloys).

lum alloy (see

References; Fridlyander, I.N., Vysokoprochnyye deformiruyemyye

alyuninyevyye splavy [High-Strenzth Aluminum Shaping Alloys].
1960.

Moscow

0.S. Bochvar, K.S. Pokhoda:
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HYDROPHILY OF FIBERS = the abllity of fibers to abuorb water., Hy

. drophily of fibers affects the chemic al, physical and mechanical prop

tieu ot fiders, for example, when the moisture content of ﬁellulo,e

4 hydrdtg-fiber changes from 1-2% to 15-18%, the fiber strensth 1s re-
dﬁcedvby 30-40%, and the elongation 1s increased by a factor of 1,5-2,

7_'-The hydrophily of fibars is determined in a chamber with a ccnutant

temperature (20°) and relative humidity (65%). specimen 15 held f¢
*about 24 hecurs and the hydrophily of fibers is determined by the 4if.
ffference in weight of the held material which 1s dried at 100:5°® refer.
. red to the weight of the dry material. The hydrophily of fibers 15 de-
“7terminéd more precisely by the isotherm of water sorption by the fiber
‘ The hydrophily of fibers can be varied by treating Ly varlous compound

7T(for example, surface-active substances).

V.A. Berestne




HYDROFHLOGOPITE — see Verniculite,
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HYDROPHOBY OF FIBERS = inability of fibers to

T L M e bl v ewe e o

sorb water.,




IYDROPLASTICS -

see Polyvinyl Chloride llastics,
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HYnROTUﬁRINE STAINLESS STEEL 1s steel with improved recistance to
cofrosion,’cavitation and the abrasive action of solid particles sus-
pended in the water; and 1s used for parts of the flow portions of
hydroturbines. The hydroturbine stainless steel also has_gooé”plastic-
ity and polishing properties. |

Most widely used are the chrome, chrome-nickel, and chrohe-nickel
menganese stainless hydroturbine steels. The chrome-nickel stainless
steel 1is alsd used as a protective coating applied over less expensive
carbon steel to protect parts from cavitation and corrosive desfruc—
tion by the water. The protective coating is applied using the elec-
trometallic atomization method or the eléctro-arcbweld-plating methed,
and also by the method of facing the part with thin sheets or lamina
ofAstainless‘steel. The last method does not cause internal stresses,
therefore there 1s no deformation of the parts and the production pro-
- cess 1s accelerated. These advanﬁages are particularly marked in the
facing of large surfaces, for example the blades of large radial-axial
and axial hydroturbines. The following grades of stainless steels are
used most frequently in hydroturbine construction (for chémiéal.com-
position and physico-mechanicél propertieslsee Table 1 and 2). |

OKh13 (EI496) steel 1is produced in the form of thin and thick
sheet. Hot working i1s performed in the 1150-900° range, and weldabil-
ity 1s Satisfactory. Wire of the same steel with a coating of ENTU-3
is used as filler material; in this case the seam has properties close
to the parent metal. |

Prior to welding, the sheet edges must be heated to 200-300°,
2114 '
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TABLE 1

Chemical Composition of Stainlzss Steels for Hydro-
turdbine Construction : -

E  dmsmewrrw (%)
Mepms € i e s [un e | 1o | & swwerru o) 8 | P
4 exia omine |
(FOCT 3833—41)  |a0.08 | 0.0} 0.8 11=13] - - <0.025/<0.03
2X13 (W2) .10~ 0.6 [ «0.8[12~14 - - <®.02% ('.”,A
S (FocT sesa-81) | 0.2
21371 0101 40,7 [ a0, 001214 0.0 - <0,93 [<9.05
OCT 2170-37) 0.2
6 " aoximna e r=] o7 | <08 12-t4]0.8—1 - <9.08 [g0. 008
7 (veziskey) | 0.2 9 )
X18N9T1 <0.14] &t 12 | 17=20] 811 | T1(%C—0.00)3, we [<0.03 |0, 058
g (rocT 2176=s1) ne Gones 0,4y
IX2IUST (ONRE) (0,00~ 0.0 | «9.8 | 2022 4. 8= [ T1(%C—0.02)8. mo |<0.035/co. 098
(FOCT s832-61) - | 2,14 3.8 ne Sonew 0.8
10 sxzomarsiea «0.t [0.9~12.3=3{10.5=]3-2.) Ca §,3-2, <0.03 [<0.82
1 AUHUTMAT) 0.3 20.3 :

1) Steel grade; 2) elements (%); 3) other elements; 4) Okhl3 (EIL26)
$GOST 5632-51); 5) 2Khl3 (Zh2) (GOST 5632-61); 6) 2Khl3L (GOST 2176-57);
20Kh13NL (TU621-52NKM3); 8) Khl18N3ITL (GOST 2176-57); 9) but no more
t i 1Kh21NST (EI811) (GOST 5632-61); 11) 1Kh20ON3G3D2L (Central
¢ Research Institute for Technology and Machine Desig¢n),

an; 10
Scilentif

After welding the parts are heat treated using the following regime:'.
heat to 950-1000°, air cool and subsequent terper at 680-720°. In
those cases when this regime cannot dbe followed, the weld Joint alone
must be subjected to short-term tempering. Applications are: we;déd
spiral chambers (scrolls), facing (Jacketing), cowling. C
2Khl3 (Zh2) steel 1s produced in the form of thin and thick sheet,
rod, wire. In the annealed condition this steel has high plasticity
and may be welded (with preheating). High tempering or annealing must
be performed after weiding. This steel is subject to terper brittle-
ness; to obtéin high'impact‘strength the tempering after quenchiﬁg must
be accompanied by accelerated cooling. The highest corrosion resistanéé
is achieved after qﬁenéhing with high tempering gnd polishing. Applica;
tions are: detall parts operating under conditions of water corrosion,
cavitation, and erosion (bolts, screws, nuts, shafts, sleeves). |
The 2Kh13L and 20Kh13NL steels are produced in the form of shaped

castings. The casting propertiés are satisfactory, though a tendencj to
o 2115 o



TABLE 2

Physical and Mechanical Properties of Stainless
Steels for Hydroturbine Construction
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1) Grades, forms; 2) heat treatment regime; 3) (kg/mm2); 4) (an, kgm/
/éma); 5) A (cal/em/sec-°C); 6) no less than; 7) OKhl3 (EI496); 8) thin
sheet (ChMIU 2117-49); 9) anneal at 740-780°, air or furnace cool} 10)
thick sheet (ChMTU/TSNIIChM 225-59); 11) high temper at 680-780°, air
or furnace cool; 12) RC = 20 — 39 depending on the tempering temperature
in the range 680-500°; 13) 2Knl13 (EZh2) rods (GOST 5949-61); 14) o11

or water quench from 1000-1050°, temper at 660-770° with 0oil, water or
air cooling; 15) 2Khl3L (GOST 2176-57); 16) anneal at 950°, oil quench
from 1050°, temper at 750°, ) 20Kh13NL (TU 621-52NK¥3{§ 18)

2]

air cool; 17
' heat treated castings; 19) Khl8N9T (EYalT); 20) rods (GOST 5949

21) air, oil, or water quench from 1050-1100°; 22) thick sheet (GOST
7350-55); 235 water quench from 1080-1120°; 2&) thin sheet (GOST 5582-
503; 25) water or air quench from 10 0-1120°; 26) Kh18NOTL (GOST 2176-
57)5 27) water quench from 1100°; 28? (TU 255-52 (Lenin Neva Plant,




II-30N3
Leningrad); 29) heat treated casting; 30) 1Kh21NST (EI811); 31) thin
sheet (ChMTU/TsNIIChM 290-60); 32) water cr air quench from 1050°%; 33)
thick sheet (ChMTU/TsNIICh§g~ 34) water quench from 050.58C%; 35) sece
tion steel {GOST 5949-61) zsair quench from 950-1050°;

H

37
1Knh20N3G3D2 0-G20°, norralize from 1080-1120', and

‘88) anneal at
temper at 980

20.

formation of hot cracks during casting is observed. Welding is d4iffi-
‘cult, since the steel is prone to local hardening and the formation
of cracks in the heat affected zone; this 1imits the use of electric
welding to correction of casting defects prior to their final heat
treatment. Applications are: impellers and other cast parts of the
flow sections of radial-axial and axial turbines which are subject to
simultaneous action of both cavitation and erosion; whecls of ducket
turbines for high pressures; wheels of bucket turbines subject to
corrosive action.

The K.18N9T (EYalT) steel is produceZ in the form of thin and
thick sheet, rcd and tubing (see Austenitic Stainless Steel). Applica-
tions are: welded designs of protective and sealing rings, protective
Jacketing for turbine covers and bases, facings for impellers of axial
and radial-axial turbines, facings for shaft Jjournals in locations
operating in stuffing boxes and rubber bearings. | _

The Khl8N9TL steel 1s producad in the form of shaped castings.

- The casting propertles are good and it welds we;l in the cold condi-
tion. Applications: impellers and other cast parts of the flow sections
of radlal-axlal, axial and bucket turbines which are subject to cavita-
tion, erosion and corrosion. |

The 1Kh21N5T (EI811) steel is produced in the form of thin and
thick sheet, rod, wire, tubing, castings. Hot pressure working is per-
formed in the range 1050-800°, subsequent heat treatment includes
quench from 950-1050° into water or in the air (depending on the form
of the product). The steel 1s welded using all forms of welding; wire
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of the same steel is used as the filler material, in this case the
weld seam has properties close to those of the parent muterial. Thib
steel has good resistance to intercrystalline corrosion and corrcsion
cracking. It is a replacement for the Kh18N9T steel. | |

The 1Kh20N3GD2L steel is produced in the form of shaped castings
per factory specifications. Applications are: cést.and welded~ca;t de-
tajl parts for the flow sections of hydioturbines operating using'wa-
ter with a large amount of silt (sand). _

References, German, A.L., et al., Tekhnologiya proizvodstva malykh
1 srecdnikh gidroturbin (Technology of Production of Small and Mediunm
Hydroturbines), Moscow-Sverdlovsk, 195&, Korsakov, V.S., Tekhnologiya
gidromashinostroyeniya (Technology of Hydromachine Construction), Mos~-

cow, 1948; Gamze, Z.M. and Gol'dsher, A.Ya., Tekhnologiya proizvodstva

krupnykh gidroturbin (Technology of Large Hydroturbine Production),

- Moscow-Leningrad, 1950; Orakhelashvili, M.M., Iznosostoykost' reakti-

vaykh gldroturbin (Wear Resistance of Reaction Hydroturbines), Moscow-
leningrad, 1960; Kermabon, R. and Tuvenin, G., Restoration of Hydro-
turbine Impellers at French'Hydrostations), translated from German,

Moscow-Leningrad, 1957; Hydroturbine Construction in the USA, trans-

lated from English, edited by A. Artemov, Moscow—Leningrad 1957,

Mikhaylov-Mikheyev, P B., Spravochnik po metallicheskim materialanm
tubino- 1 motorostroyeniya (Handbool on Metallic Materials for Turbine
and Engine Construction), Moscow-Leningrad, 1961; Stali s ponizhennym
soderzhanlyem nikelya (Steels with Reduced Nickel Content);'Handbook,
edited by M.V. Prindantsev und G.L. Livshits, Moscow, 1961. |

I.Ye; Gerasimov
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HYGROSCOPIC NATURE = see Moisture Absorption Capacity,
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HYPEREIASTIC DEFORMATION — a form of high-.elastic deformation

whi;h 1s peculiar of various amorphous polymers within specific tempe
ature intervals, where the flexibility of chain molecules {s exhibite
Hyperelastic deformation is characterized by a low modulus of elastic
ty (1-10 kg/cmz) and large mechanical reversible deformations, which
many-fold exceed the initial dimensions of the specimen. Raw and pro-
cessed rubders are typical hyperelastic materials in the temperature
range from —=7C° to +100°. The application of an external force to thet
changes the conformation of chain molecules which are usually coiled
into a tangle as a result of intensive thermal movement. The main
difference between hyperelastic and ordinary elastic deformation con-
8ists in the fact that elastic deformation of polymers in the vitreous
state 1nvolves changes in the mean diriances between particles, while
hyperelastic cdeformation 1s related to regrouping links of chain mole-
cules without changing the mean distance between them. The displacemen
of polymeric molecules with respect tc one another is made difficult
due to the large dimensions of the molecules proper, and for retigular
polymers (rubbers) it is made difficult by the presence of strong trant
verse bonds between them. Hyperelastic deformation does not develop ime
- mediately but rather requires time, and proceeds the slower, the lower
the temperature. Below the vitrification temperature the rate at which
the hyperelastic deformation develops is negligible and the polymer
undergoes ordinary elastic deformation. When the stress is removed, the
initial state 1s reached with time. Since hyperelastic materials Are
capable of restoring their shape after the load i1s removed in the same
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" manner L8 solid bodlys, from the point of view of mechanics they arc
8011d bodles, However, with respect to other physical propurtics
hyperelﬁstic materials (rubber) are similar to a liquid and even to a
gas. Liquids and rubber are amorphous substances, thelr thermal expane

sion and canpressibility coéfficients are close and are much lower than

those for solld bodles. At the same time, the nature of hyperelastic -

deformatiocn differs from the nature of<deformétiéﬁwiﬁ sdiid bodies and
simple liquids. Hyperelastlc stresses in deformed rubber, as the pres-
sure of a compressed gas, are proportional to the absolute temperature,
since the deformation of gases and rubbers has a molecular-kinetic
(entropic) nature. Such a combination of characteristics of a so0lid
body, liquid gnd gas in hyperelastic materials is due to thelir pclymerié
structure., The relaxation properties of these materials'and molecular-
kinetic céncepts on the thermél motion of molecules are fundamental for
‘the understanding of the mechanics of rubber ahd a key to the explana-
tion of'various physical states, For example, the value of stress in
rubber with a specified deformed state (tension, compression, torsion)
drops with time. Hence, unlike other bodies which are characterized by
modull of elasticity, hyperelasticity modull cannot be regarded as being
time-independent qﬁantities. If a constant load or a perlodic load of

constant amplitude 1s applied to rubher, then the value of the deforma-

tion will increase with time. In the first case static and in the second

case dynamic creep (elastic aftereffect) is observed. As in the process
of stress relaxation, the hyperelastic modulus of elasticity E de-

creases in the process of the aftereffect, approaching the equilibrium

modulus E_ (hyperelastic equilibrium modulus). The molecular nature of
relaxation properties of fluids and amorphous polymers is the same. As
atoms in simple liquids pass from one equilibrium state to the neigh-

~boring one under the effect of thermal motion, so do section of iinea;
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macromolecules (segments) move from one position to anothef; Heréythé
frequency of transition of segments from one equilibriunm staie to the

| neighboring one depends on the magnitude of potential barriers and the
temperature, and also on the stress, l.e., the higher the stress, the
easier the movement of segments in the direction of the force and the
mere difficult 4in the opposite direction. Deformation of the chain
takes place by successive displacement of segrents, that 15, with time.
Hence, the hyperelastic deformation'always lags behind the externallj
applied stress. As a result of this, when the stress varies periodicall)
mechanical losses which are depicted on the diagraa by a hysteresis
loop, take place at each deformation cycle,

At high temperatures the time of "settled down 1ife" of each sege
ment of rubber raw materials 1s so smalli that the chain moleculas are
deformed almost instantaneously upon load application. However, as the
temperature is reduced, this time can be regarded as being suffi;iengly
large so that the chain molecules do not change their shape durihg th
observation time, Mechanical vitrification takes place, l.e., transi-
tion from the hyperelastic to elastic deformation, which 15 character
istic of glass.

Change in the dimension and shape (for example, elongation by a
factor of 2-3) of a body which is 4in the vitreous state, due tb stressa-

- |
es exceeding the forced eiasticity limit 1s called induced hyperelastic

deformation. This property is pecullar only to polymeric materials.‘Tﬁe
high induced hyperelastic deformation which develops in the vitteouslw

state 1s highly-elastic by nature, since it i1s related not to changes \v
in the mean distances between particles, and to displacements~ot chhih»

molecules as a whole, but to changes in the conformation of flexible i
chain molecules., Transition of chain molecules from one conrormal staté'
to another below the vitrification temperature becomes possible only oL
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attendant forcing action of externally applied strécseo._without'thecu
stresses the lnsignificant thermal motion in polymeric éloss.is not ca-
pable of perceptibly changing the conformal state of chgln moiacules.
which are held in thelir positions by 1htermoicculor intéroCtioo.'ch:e,
{nduced hyperelastic deformation does not disapoéar after the load 1c
removed and the material remains in the dirccted;;tate'for“an infinite
t@mé. Single-axisﬂand‘twoiﬁiiéwéktrusions are used“inkoraotioe (poly-
meric fibers, films and directed organic glass).,When.tHeCe materials
ore heated they spontaneously contract to their initial dimonéion: (be-
fore extrusion). | :” ’

References: Kobéko, P.P., Amorfnyye veshchestva,(ﬂmorphous Sube
étances], Moscow-leningrad, 1952; Trelocar, L., Fizikg uprugocti
kauchuka [Rubber Elasticity Physics], Moscow, 1953;fkargin, V.A. and
Slonimskiy, G.L. Kratkiye ocherkil po fiziko—khimiivpolimerov [Brief
A,Outiineé on the Physical Chemistry of/Polymers],'Mosoow;-1960; Lazurkin,
Yu.S. and Fogel'son, R.L., "Zhurnal tekhn. fiz." [Journal of Technical
Physics], Issue 3, pages 267-86, 1951. |

G.M. Bartenesv
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HYSTERESIS = irreversidle changes which are expressed in different

progress of direct and reverse processes. A distinction is made between

magnetic hysteresis, sorption, mechanical, etc., hystereses., In the lat-
ter case of hysteresis mismatch exists bétween branches on the stress-
strain diagram which correspond to loading and unlocading as a result of
irreversible processes (local plastic deformations, distortion of struc-
ture, eté:). This mismatch is usually exhibited as early as in the
macroelastic région; for which reason this hysteresis is called elastlic,
which is inaccurate, since mechanical hysteresis is based on inelastic
prdcesses. As the load increases, "elastic" hysteresis becomes plastic,
since macroscoplc residual deformation appears. As the structure be-
cames increasingly less homogeneous, hysteresis usually is increased.
The area of the hysteresis loop characterizes the magnitude of the
dissipated energy and is related to the capacity to damp vidbrations. An
attempt is made in the case of flexible elements of instruments (mem-
branes, etc.) té reduce the divergence between loading and unloading
readings, for which reason it 1s desirable to reduce the hysteresis. In
certain cases, for example, when it 1s difficult to avoid resonance
phenomena in a structure, the high damping capacity of the material can
be found to be useful.

Yz. B. Fridman
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i:IMPACT DUCTILITY — ability of a material to absordb mechanical en-

ergy upon beling deformed to failure under the action of an impact load.
It is estimated by the breaking energy of a notched specimen (see Men=-
ager'Sgecimen) when testing in impact flexure on a Charpy impact mae

chine. By convention it is referred to the specimen cross section at
the base of the notch, and has the dimensions of kgm/cme. Impact duc-
tility 1s one of the major characteristics used for evaluating the
quality of metals, 1t is frequently specified 1in technical specifica-
tions for delivery. In many cases theytendency of metals and alloyéyto
brittle fallure under rigorous load conditions 1s reliably estimated; A
sharp drep in impact ductility with a reduction in the test temperature
(in the so-called serial tests) determines the threshold of cold brit-

tleness of the material (see Low-Temperature Mechanical Properties).

'S.I. Kishkira-Ratner.
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IMPEDANCE;TYPE OF THE ACQUSTIC METHOD OF FLAW DETECTION - is based
on the’éValuation of the mechanical impedance (the total mechanical re-
sistance) of the tested product when elasticAoscillations are excited |
in 1t. Thi§ method is used for the detection of glued, soldered and
other Joints in multilayer constructions from metallic and nonmetallic

materials (see Acoustic Flaw Detection).

Yu.G. Lange
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IMPREGNATED CERMETS =— afe metallic products obtained by impregnat-

ing campressed metal-power blanks with molten metals. The necessary

unifbnm compression of the powders in the biénks'is achieved by'presé-
1ng, extrusion, sprﬁying,Acompacting by vibration, molding of slip in
plaster molds, etc. The sbécitic}p¢éssure during the compacting amounts
fo 2-10 kg/cm2 and maj in certain cases rise to values usual in the
production of cermets. Organic ﬁinders: solutions of pararfin and rub-

ber in gasoline, of resins in alcohol, etc., are added to the metallic

“powders before the molding 1ﬁ'order to make the blanks stable. The

rmolding of the blanks is carried cut into fireproof containers, into
high-melting powder-refractories, as alumina and magnesia.  The contsin-

ers are fired in furnaces filled with a protective gas atmosphere; the
’ : | .

~ impregnation of the ppwder-bignks s carried out by a pouring system,

the liquid metal is supplied;overh ated by 100-200° (see Infiltration).

The surface of the blanks holded in a refractbry.whtch is non-wettable
by the liquid metal retains afﬁer he impregnation all the finest de-
talls even of very 1ntr1cate'contoLrs. The linear shrinkage of the in-
pregnated blanks amounts 1-2% at rLom temperature, therefore, in con-
trast to sintered cermets, nb stresses of the lst order arise when the
impregnated products are.codled,-aﬁd disfortions and cracks are almost
absent. | ' _ ' o _
Impregnated cermets are widelv_uséd for the production of objects
from fireproof alloys and-coppéf-iron compositions and are experimental-
ly appiied for the production_of ;%t objects and typogfaphic cliches.
o ‘ A.A. Abinder
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IMPREGNATED WOOD -~ wood material treated by chemical substances to
improve 1ts properties. Integrated mcthods of treatment which at the
same time improve a number of properties of wood are known. Most exten-
sively used is impregnation of wood by anticeptics, i.e., by substances
which are toxic to fungl and mold, which cause wood to rot. Use is aléo
made of impregnation of wood by fireproofing substances, 1i.e., antipy-'
renes, and hydrophoblic substances, which ald in reducing the hygroscopi- |
city. |

The physicomechanical properties of wood are improved when 1t 1is
impregnated by organic and inorganic substances, for example, aromatic
amines or alloys of sulfur with 10% chlorinated naphthalene (Table 1).

TABLE 1

Physicomechanical Properties of Pirch,
Impregnated by Sulfur with 10% Chlor-
inated Naphthalene

ITpeaen npoanocrn | § %

2 !3 r(:'“"’ 5;

Pl

1 ! g m, 8 ' ? s i~

Bepesn ] HRH i)
R EEEETE S

AR A HAR A HE
AR HEHEHEE |

Henporwrannan . x 0.689 22 88 | 1180 0 | 0.832
Opousrannan , . | 1,20 10 1830 | 1589 S | 0.450

1) Birch; 2) speciric welght g/cm3), 3) moisture absorption (%);
ultimate strength (kg/ cme % modulus of resilence in bending kg-m
/em3); 6) in compression along the fibers; 7) in static bending;
cleaving along the fibers; 9) not impregnated; 10) impregnated.

The first place with respect to the production and uée of impreg-

nated wood 1s occupled by railraod maintenance (crossties, transfer .
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 TABLE 2
Physicomechanical Properties of Bakelite-Impregnated
Wood ‘
‘Specific weight (g/cm’) , 0. 46-0. 96
Ultimate strength (kg/cm®)
in c¢omparison 1300-1500
in static bending 1100-1300
-in tension 800-1500
in cleaving : 200~ 250
Modulus of resilience in bending (kg-m/cm3) 3-8
‘Martens specific heat (cal) 0.20-0.50
Moisture absorption in 24 hours (%) 8-20
Swelling in 24 hours (%) 5-18

bars, bridge and car components); the second place is occupled by power
facilities and the communications service (poles, masts). In shipbuild-
ing and hydraulic engineering lmpregnation is used for parts of ships,

wooden barges, wharf piles, components of dams, sluices, water pres-

sure towers, etc. Mine supports are impregnated 1n"the"ore”and'd§§§;' e

mining industries. .

Wood which 1s used for constructing chemical apparatus (cylindri-
cal vessels, montejus for work under pressue, etching vats, connecting
pipes, taps, mixers, exhausters, and other chemlcal machine buildiné
components, as well as components of pipelines and wood structures
which are éubjected to the effect of gases and agressive media, etc. ),
are impregnated by synthetic resins, in particular phenclformaldehydes,
which in practice are called bakelite resins (Table 2).

Impregnated wood 1s usea extensively also in other branches of the

national economy. _ _
. Rererencesf Berlin, A.A., Isgledovaniya v oblasti khimii i1 tekhno-
iogii oblagorozhennoy drevesiny i1 drevesnykh plasticheskikh mass [Stu-
dies in the Fleld of Chemistry and Technology of Improved Wood and Wood
Plastics], Moscow — Leningrad, 1950; Lektorskly, D.N., Zashchitnaya
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obrabotka drevesiny [Procective Treatment of Wood], part 1, Moscow-Len-
ingrad, 1951, Romanov, N.T.,. Kompleksnyy metod fiziko-khimicheskoy
obrabotki drevesiny [An Integrated Method ror Physicochenucal Treatment
of Wood], Moscow-Leningrad, 1957; Novitskiy, G.I. and Stogov, vV.V.,
Derevopropitochnyye zavody [k’ood-Impregnating Plants], Moscow, 1659,

N.T. Romanov
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IMPRESSION HARDNESS — property of materials to resict lccal plase
tic deformation which {s produced‘by ferced penetration, l.e., irpres-
sion into the surface of a specimen or product a body {indenter, tip)

spherical, phramidal or conical in shape fram hardened steél,vdiamond

or hard alloy. In the most extenslively used methods of impressicn
hardness determination (Brinell, Rockwéll, Vickers) the tip 15 made to
penetrate by instrumeats, 1.e., hardness testers, with a smocthly {sta=
tically) applied load. The magnitude and rate of load application, time
of holding undér the locad, the geometric shape of the tip are specified
by the appropriate A11¥Union standards. The impression hardness is de-
termined quantitatively by the so-called hardness number, which repre-
sents elther the mean specific pressure at the surface of the impres-

glon left after the tip 1s removed (Brinell Hardness, Vickers Hardnesé),

or an arbitrary quantity, which depends on the depth of the tip's pene-

tration (Rockwell hardness). In certain nonstandard methods of impres-

sion hardness cetermlnation (for example, Meler, Luing) the hardness
number 1s determined by the ratlo of the load to the area of projecticn
‘of the 1mpressicn on a surface perpendicular to the directlon cof tip e
penetraﬁion. Methods 1n which the hardness is determined by dynamic
impressing of ball or tépered tips with subsequent approximate recalcu-
lation of the data thus obtained into generally used hardness nutbers
(HB,.HV, KR) or with calculation of the so-called dynamic hardness by
multiplying the energy used up for making the impression by its volume
are used much more infrequently. ImpreSSicn hardness is an impbrtant

and convenient characteristic of a material, since it 1is determined quite
2132 ' :
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simply and rapidly, does not require destructicn of the specimen or cos
ponert , unlike other methods of mechanical testing, and can serve for |
indirect approximate estimating the strength properties of a material
(for example, t..? Brinell hardness of many materials in linearly rela-
ted to the ultimate sv>ength). Scratch methods of hardness determinatic
as well as the oscillaticn methods (Herbert) and elastic rebcund ﬁethod
(Shore) are at present used very infrequently, so that impression hard-
ness determination methods are basic in the modern techniques of mechan
ical materials testing. |

References: O'Nell, H., Tverdost! metallév 1 yeye izmereniye [Hard
ness of Metals and Its Measurement], Tranlated from English, Moscow=.
Leningrad, 1940; Shaposhnikov, N.A., Mekhanicheskiye ispytaniya metal;
lov [Mechanical Testing of Metals], 2nd Edition, Moscow-Leningrad,
1954. ,

I.V. Kudryatsev and D.M. Shur.
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INCONEL — is a scale-resistant héatpidéf nickel alloy producéd-in_
U.S. P -

TARBRLE e - o
The Chemical Cumposition of Inconel
Alloys - '
2 Coprpwaine sacm nros (%)
1 cane : T .
* C |Mn ' st lerf N | ; At} re 13:'"',:’

L vimmovens [0 04 o.as]'.:o THRIRE I SN I -

X, A58 . 0. 04{¢.T 13 [ty T3 2.5 %1 o ML

700 ... Jeisfele elzsias | e J2310.2le.8l 29 o,

1z. .. dewdoo|eas]iss]l 1w | = faefes| 30N

143 ... f012f 0 130 8 |13 [Ocrannto al8.0]1.0 ERR 13

1) Alloy; 2) content of elements (%);
3) other elements; 4) Inconel; 5) the
rest. .
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Inconel is used for the production of heatproof parts for diverse
units of gas-turbine engines (fire tpbes, exhaust pipas, parts of the

gas collector, combustion chambers) iorking at high temperatures of the

800-1100° range at low stresses. The parts are Joined by welding. The
Inconel grades x,'xsoo, and 700 are aging alloys with intermetallic
hardening. They are used for the prodﬁétion 6f parts of gas-turbine en-
gineé which operate at high temperatureé under higher loads. The X
grade Inconel 1s used as a construcfion and covering mateiiéi“fc£u;o;;;4
ets, supersonic aircrafts and apparétuses for the flight into the
lonosphere. The alloy is characterized by a good strength aﬁ'h80-760‘,

a high toughness and is insensitive fo ndtéhes at low températures uﬁ

to =78°. It proves a good weldabilityjeSpecia;ly by the resistancé-weld-
ing method in the state after austenitéihérdéning.»The welded units are

subject to heat treatment with subsequént'p1¢kling in alkall and passi- .
2134 ' B
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‘vation in nitric acid when high strength is required. Soviet cclentis
had developed alloys whose properties are not inferior Lo that of th:
Inconel alloys.

Inconel 700 1s used for the production of the working blarec of
gas-turbihe engines operating at temperatures about %00°. Inconel 713
is & super-heatproof cast alloy. It 1s intended for the production of
guide- and rotor-blades of gas turbines., The alloy gra&es EI£17 and

EI826 and certain cast alloys are used in USSR. The change in long-1if
atrength of Inconel 1s shown in Figs. 1 and 2.

3

3

.

‘ TR R s e

| tommeaye, T 2
Fig. 1. Change in the 100~
hours long-life strength
of Inconel at rising tem-
perature. 1) kg/mm2; 2)
temperature, °C.

|
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Flg. 2. Change in the 1000~
hours long-life strength of

l Inconel gt rising temperature.
l ' 1) kg/hmg; 2) temperature, °C.

2135




11613

Re're'renccs: Woldman N.E., "Mater. and .Methods," 19544f,, Vol. 4, MNo.

X 6, page 1479-90; Simmons W.F., Krivobook V. li.; "ASTM Special Technical
Publ.," 1958, No.| 179A; "Metal Progr.," 1954, Vol. 66, No. 1A, page

.293; ‘_"Aircraft Pr::d.," 1959, Vol. 21, No. 4, page 122-26; "Mater. and
f,Mgtnods;" 1956, Vol. Lu, No. 2, page 151; "Mctal Ind.," Vol. &8, lo.

12, page 225.

F.F. Khimuchin
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INDEX OF REFRACTION - the ratio of the speed ot ilght in a vacuum
to the speed of light 1n a glven matertal (absclute index of refracticn).
The relative refractive index of two media is the ratio of the speed of
light in the medium from which the light 1s incident on the surface of
separation to the speed of light in the second medium, 1in which the
light rays are refracted. The refractive index 1s numerically equal to
the ratio of the sign of the angle of ray incidence to the sign of the
angle of refraction. It depends on the wavelength, or color, of the

light (see Coefficient of dispersion) and precise refractive indices

are consequently generally accompanled ?Y an indication of the wave-
length at which they were determined. Fafrexample, np 1s the refractive
index corresponding to the D line of sodium (the yellow doublet XD =

= 5893 A). Devices for measuring refractive indices are called refrac-
tometers.

L.S. Priss

2137

¥ »-w.'.ﬁ



INDIGOLITE - see Toufmaline.




III-5H3t

INDUSTRIAL TESTING — simplified method for determining the homo-
genity, plasticity and ability of metals to deform under conditions -im-
ilar to those to which they are subjected on machining or in service.

‘'Unlike mechanical tests, industrial tests are not accompanied by
determination of stresses arising in the material or of loads applied
to them. The rapidity with which industrial testing 13 perfdrmed and
the feasibility of using simple instruments make it possible to use
them for mass control in the industry. The results of inductrial tectc
are evaluated either by the external appearance of the specimens (pre-
sence of cracks, peeling, cleavage, etc.) or by measuring the defcrma-
tion obtained after applying a load (number of bends, twists, angle
of twist, etc.). The majority of industrial tests 1is standardized. Bend-
ing (see Bending Test), folding, unfolding (OST 16S4), double roofing

Joint (0ST 1697), extrusion (pressing through), flattening (GOST 8218~
58) tests are used for sheet, strip and shaped (shapes) materials.
Bending, shrinkage (GOST 8817-58), flattening (GOST 8818-58) tests are
used for bar stock, while twisting (GOST 1545-42) foiding, winding

(OST 1695), flattening (GOST 8818-58) tests are used for wire. Bending
(GOST 3728-47), flanging (GOST 8693~-58), compressing (GOST 8695-58) and
flaring (GOST 8€94-58) tests are used for pipes.

The unfolding test consists in the unfolding by a small, sledge

or large hammer of an angle in a shaped material into & flat shape
with subsequent bending the plate thus straightened in accordance with-
the technical specifications for the material.

The double roofing joint test ccnsists in Joining two pleces of
2139
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sheet material tightly by a double Joint with subsequeéz bending along
& line perpendicular to the line of the joint over a sﬁécif}ed angle
and unfolding to the initlal state.

The extrusion (pressing through) test is performedwfor cheet ma-
terial and strips. It codsi;ts in extruding a hole in a specimen by a
semispherical punch and die of specified dimensions. An estimate of
the plasticity is the depth of extthsion which is obtained before the
material falls. The test is performed on the PTL-10 device, which 15 -
produced by the ZIP plant (city of Ivanovo).

The flattening test is performed under a press or by a hammer.

Specimens from strip or sheet materials are flattened until the width

of a standard specimen is increased to a value specified in the techni-

cal ;ppcifications for the material. When testing wire the flattening

is performed on spécimens of specified height until a head of specified
size 1s obtained. |

The shrinkage test is used for materials from which fasteners

(bolts, rivets) are made by hot or cold upsetting and by end forging.
The specimens are tested under a press or by 8 hammer to a specified
deformation the magnitude of which is given in technical specifica-

tions.

The twisting test is used for wire not more than 10 mm in diameter.

The number of 360°. twists 1n'a specimen of a specified length serves

ﬁs an estimate of the materials capacity for plastic deformation. The
teéts are performed in a special instrument and can be achieved with a
constant and variable direction of twist, twisting of ode or‘two speci-
mens clamped alongside one another, without and with preliminary 7
stretching. | |

The winding test 1s used for wire 6 mm and less in'diameter. It

" consists in winding the wire (5-10) colls in tightly wound coils along

. 2140
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a spiral line on a cylinder of specified diameter or onto the wire pro-
per. o

The flanging test consists in cmooth flangins, of the end of the

pipe by using a mandrel untll a flange of a specified dlameter 13 form-
ed.

The compressing test consists in smooth compressing of the end
or section of a pipe between parallel planes until the specified size
between the planes 15 reached.

The flaring test consists in smooth flaring the end of a pipe into

a taper, using é'special mandrel, until a specified diamefer is pro-
duced at the end. | _

» References: Shaposhnikov, N.A., Mekhanicheskiye ispyt#niya metal-
lov [Mechanical Testing of Materilals], agg Edition, Moscow#Leninérad,
1954, .

Yu.S. Danilov

Manu-
t
;ggép [Trgnsliterated Symbols]}
~ No.
2139 OCT = OST = Obshchesoyuznyy standart = All-Union State
Standard _
2139 F'OCT = GOST = Gosudarstvennyy obstchesoyuznyy standart = All-
Union State Standard ,
21490 3un = Z2IP = zavod 1zmer1te1'nykh priborov = Measuring Instru-

A ments Plant
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INFILTRATION — is the penetration of a fluid or gas into a porouc

' solid., The infiltration process of liquid metals and alloys into porous
" metallic blanks has found application in practice for the production of

impregnated Cermets. Impregnation takes place when a porous solid is
wet by a fluid, i.e., on condition that the contact angle 6 15 lower
than go°.

The surface tnesion of the fluid and the wétting effect cause the
origin of a caplllary pressure terméd Laplace's pressure. The magnitude

of this pressure is determined by the formula

B . o
L P=Zcost L

caurt

where P is the capillary pressure in g/cmz; 6 is the surface tension in
dyne/cm; r is the radius of the cgpillary tube in cm; 6 is the contact
angle.

The presence of a liquid slag film (imprégnation using a fusing
~agent) on the surface'of the melted metal changes significantiy the
Isurface tension on the slag - metal'intérface. The calculation of the
additional Laplace's pressure is carried out in this case according to

the formula
4
P=P.+P,‘-;‘ R

where P1 1s the Laplace pressure in the metal caused by the effect of
the gas — slag interface, 1in g/bma; P, is the Laplace pressure of the
meniscus formed by the slag - metal interface in g/bma. "
The work consumed for overcoming the friction of the fluid flowing
in the,capillarj must be taken into.accéunt for the impregnation of
2142 : T '
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porous metal blanks with melted metals. The coefficicent of the internal
frictlon of fluids is reduced at rising temperature, thorefore, fusing
agents (borax, phosphites, etc.) and overheating of thﬁ 1iquid metal by
100-200° are used. | |

?.A. Atinder
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INFUSORIAL EARTH - is & loose rock ccmposed mailnly of finc parti-
cles, the residual shells of diatoms. With regard to it cunposition,

propcrties and utilization, it 1s identical with Diatomi“

2144
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INORGANIC ADHESIVE - is a écmpound based on sodium silicate and
other mineral salts, and also on oxides of certain metals. The heat re.
sistance of the lnorganic adhesives 1s thelr primary advantaze comparet
with adhesives based on organic substances, at the same time, however,
they possess a high brittleness, a fact which considerably limits thel:
field of utilizatior, Inorganic adhesives and cements on cilicate basi:
are used for bonding.aluminum foll on paper, for Joining glass, wood,
paper, board,‘etc. Inorganic cemerts (hydraulic, magnesia, iron, sulfur
and other cements) are used in industry. Cements for Joining metals and
other materials in stressed structures operating at very high tempera-
tures have been re;ently developed. _

A well-kﬁown adhesive is an aqueous suspension of a frit composed
of feldspar, borax, caicined soda, saltpéter, barium carbonate and othe
‘componeﬁtsh The bonding process conslsts in the applicafibn of the com-
pound on the metal, drying 1n air and heat treatment of the Joint sur-
faceg at 955° ror 20 minutes under a pressure of 3.5 kg/bmz. The shear-
1ng-stréqgth,of ﬁhe adhesive joint 1s 70 kg/’cm2 within 20-500°. Investi.
gations are in prcgress to find heat re;isfant cgramic adhesives, It 1s
.to be hoped.that such adheslves may replace solders, especilally in the
production,pf three-layer all-metal construction from stalnless steel
withvé honeycomb filler. |
" References: Adgeziya, klel, tszmenty, pripoil [Adhesion, Adhesives,
Ceménts,.hndA$olders], [A collection of papers], translated from Englisa
Moscdw,-i9éh; "J. Amer, Ceram. Soc.," 1958, Vol. 41, No. 4.

R ' D.A. Kardashev
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_ INSTALLATIONS FOR_QAMMAQRAYJFLAW DETECTION - devices which are
used for 1rrad1§t1ng.bngammé‘?aya'to obtain a channeled radiation beam

and for protection of théise:?iéihg personnel from the harmful effect

of radlation. When idle, the installations serve as protective crating

(container) of the gamma ray source (radioactive isotope), which en-

’sures'safe transportation. When the radiation sources are highly active

the installations usuaily'havé two'containers, i{e., a transportation
and wdrking container which 1s 1dcated on the support. The radiation

aourceAin this case 1is méved by an electromechanical mahipulator e~

quipped with remote dontrgl.

2146
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ISOCYANATE ADHESIVE -~ is a soluticn of diisocyanatec and triisoéy-
anates (leuconates) in dichloroethane (20:80%); it 1is uced to bond rub-
bers on metals, and to improve the Jjoint between rubbers and fabrics
made from synthetic fibers. The leuconate (triphenylmethane p-,p'-,p"-
triisocyanate); the most universal isocyanate adhesive, 15 used to ad-
here all kinds of commercial rubbers on Duralumin, stalnlecs steel,
brass, bronze and other alloys. The bonding of rubber on metal by means
of leuconate must be carried out in a room with not more tran 60-65%
relative molsture content; before the adhesion, the metal pleces are
treated with steel or cast-iron shot in an apparatus. The surfacez of
the metal pleces are covered with the adhesive and dried at 18-20° for
30-40 minutes, or at 30-45° for 10-20 min. After being ccoled, the
pleces are again covered with a double layer of adhesive and dried in
the same way as before. The vulcanized adhesive film resists kerocsene,
gasoline and mineral oils. The peel strength of the Jjoint between rub-
ber and metals 1s not lower than 40 kg/bma. The glue may be stored for
1.5 years in tightly closed containers at 0-20°,

References: Zherebkov S.K., Krepleniye reziny k metallam [Fastening
of Rubber on Metals], Moscow, 1956.

D.A. Kardashev

2147



e e e et o R T MO o SRS

| I11-14t

ISO RUBBER HARDNESS. The determination of 1SO rubber hardness cone

sists in measuring the difference in the depth of penetration of a ball

~With d = 2.5 mm into the rubber under an initlal load of 30 g for 5

secs., and under a final load of 580 for 30 secs. The results in inter-
naticnal hardness units are found either from a table, or from the in-
strument 's scale, which 1s graduated directly in these units.

The scale of international hardness units 1is selected so that harde
ness of O 1s assigned to a material with the Young mcdulus E = O, while
the number 100 1s assigned to a material with E =

The readings 1n international hardness units for rubber corres-
pond to the Shore scleroscope (type A). The relationship between the
depth of penetration of the rubber and the hardness in international
units 1s dbased on the relationship of the depth of penetration of the

ball and Young's modulus, which is valld for elastlc 1sotronic materials.
FE=0,00017/%83 4133,

where F 1s the pressing-in force (kg), E is Young's modulus (kg/cme),
h 1s the Jepth of penetration of the ball (hundredths of mm) and r 1s

the radius of the ball (cm).

Specimens which are hardness tested are at least 6 mm thick which
have plane parallel sections. The measurements are taken in 4 points
and the arithmetic ﬁean is taken as the result. At the time of testing
the instrument is lightly vibrated in order to eliminate friction when
the ball penetrates the rubber Specimen.

References: ISO, Technical Committee 45, documents No. 219, 250,
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448, 452, 557.
V.V. Ovechinnlkov

Manu-

script ' q
Page [Transliterated Symbols]
No.

2148 BCO = ISO = Internatsyonal'naya organizatsiya standartizatciil

= International Standardization Organlzation
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INTEGRAL RADIATION — total radiation — is the ﬁhefmal radiation'in

. the whole range of the wavelength of the speétrum fromy = 0 to y = =,

The enérgy transfer takes place mainly in t*e'visible'(v = 0.4-0.76

‘microns) and the infrared (v = 0.76-750 micronS)'spéCtrél ranges. At

the temperatures occurring in technology, the main p#rt 6f the radia-

tion energy falls in the infrared range of the‘épeétrum with wavélengths

from 0.76 to 15 microns. The radiation in the visible (luminous)
spgctral range becomes important only at very high temperatures. A ther-

mal radiation in a narrow wavelength interval‘dy is termed monochromat-

- ic. The integral radliation is studied in thermal caléulations, the

" monochromatic radiation in pyrometry, in spectral and other investiga-

tions.

G.A. Zhorov
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INTERMEDIATE CLASS STAINLESS STEEL 1s ateel which with resp-ct to
chemical composition 18 on the boundary between the austenitic and mar-

tensitlc classes and, depending on the heat treatment, may have struc-

Diagram of position of the intermediate class stainless steel between
the austenitic and martensitic classes (cold treatment is rformed at
-70°). 1) 9p. 2* kg/mm2; 2) quench after heating > 1050°; 3) cold treat-

ment; 4) austenitic class; 5) martensitic class; 6) intermediate class;
7) alloying.

ture and properties close to the steel of either class. The positioning
“of the intermediate class stalnless steel between the austenitic and
martensitic classes 1is shown in the figure. In some cases, in addition
to the basic structure of austenite and mertensite the intermediate
class stainless steel has a definite amount of 6-ferrite. After quench
from the austenitizing temperature which i1s sufficient to dissolve the
carbides, the structure of the intermediate class stainless steel be-~
comes basically austenitic. One of the sallent features of the interme-
diate class stainless steel 13 the abllity of the austenite to convert
intensively into martensite under the influence of plastic deformation
at room temperature. The relatlively high values of the ultimate
strength of the intermediate class stainless sfeel in the austenitic
condition is explained by the fact that during tensile testing a con-
siderable amount of martensite 1s formed in the steel at the instant

2151



2 TABLE 1 |
Chemical Composition of Intermediate Class Stain-
less Steel _
2 Conpwmonme warmentor (%) L
ml . 3: L: e N no Al im." L“:‘ 7
XISHOIO 14 0.05-0.00 0.7/0.7 {14, A—16.3f T-9.8 - [e.9=t.t o082 |uom
CH- 2, .
ll;‘}'lggi $,98-0.10]1 0,7{0.7 (16t7.5[4,.5=5.8 | 32,5 - 6.82 ¢. 08
.
I‘:;“;‘lgé <8,09 s.8]0.8 1618 [0.35~7.3 - 0.8~1.3 0‘.‘525 4,038
Uy )
‘1) Steel; 2) element content (%); 3) no more than; 4) KhlSNGYu (SN-2
'EI904); 5) Kn17NSM3 (SN-3, EI925); 6) Kh17NTYu (EXS73). ’
TABLE 2 v -

Mechanical Properties of Intermediate Class Stain-
less Steels (no less than)

o ' LA

8, “tn
Cram Cocronnne ———
1 2 {xa/mn®) 3 (%) [(nemcuhr
X1SH®O (CH-2, gﬁnruu (ROCNS 3INAAKA WA soRyXe ¢ 1020~ :

2H04) 050°%) [ 1] 1] 20 t2
5 Y npounennan (NOCHe ANAIAR KHE BOITYRE €
79°, 0GpaloTRN TOCTOAOM NDN TEMN-PE OT «50°
A0 =75° B TEweRN} 24 WAC. R CTRIpERNNR NDE

023—-500‘) ) 120 » 19 4

ORYRATADTOBAREAM N COCTIPENNAN (CTapenNe -

npn 6‘0' » Tewenme | wacn) to 90 1t
S TAPTORSANEA W COCTAPERAA (CTSpENNe BPR -
480° » Tennne | wacy) 40 } L]

i Xt1THIMS (CH- MATKER (NOCHE 2aXAIRN N3 9O3AYRE ¢ 1050°) 1 94 %! 2 12
4 INP2Y) Ynposwennan (Nocie Sanankm RS pGsa1yie ©
{ 30-930%, 06paGoTHR 1070208 MpN TUMII Pe OF
: «=50® 20 ~70° 3 Tewenme 2-4 waC. R OTOYCK2

10 npw 430%) ~ 120 | 90 | 10 s

Haraprosannas ® onymennan 120 100 3 -
XtTHID YNposHenNaa (Nocae 3ak2AKN N3 BOSAYXE €
{I11973) 1030=1070%, otnycna new 740=760° ¢ oxamm-

114 ,cTB Na »082YXe, cTaperun npu 530-800°) [ ] 70 19 3

1) Steel; 2) condition; 3) (kg/mP); 4) a_ (kem/cm?); 5) Kn1SNG¥u (SN-

2, EI904); 6) soft (after alr quench from 1020-1050°); 7) strengthened
(arger air quench frcm 975°, cold treatment at temperatures frem =50 to
~75° for 2-4 hours and aging at 425-500°); €) half work-hardened and
aggg (aging at 480° for 1 hour); 9) vork-hardened and aged (aging at
480° for 1 hour): 10) Kn17NSM3 (SN-3, EI925); 11) soft (after air

- quench from 1050°); 12) strengthened (after air quench from 950-930°,
cold treatment at a temperature from —50 to —70° for 2-4 hours, and
tem erini at 450°); 13) work-hardened and tempered; 14) Khl17N7Yu (EI-
973); 15) strengthened (after air quench from 1030-1070°, tempering at
T40-TSO° with ailr cooling, aging at 550-600°).

2152

A e G gt A al KT - A W e i hapd A W * . —ia - n




II-#Sn?_
- TABIE 3

" Mechanical Properties of Some Intermediate Class
Stainless Steels (no le3s than)*

P \riom q X1

. : * "Q'-" ‘!.' - T T o e e et - -

U S D .S LU B W R S S T PR 2
1 (v/ ww?) (%) | tar way u (rr oty - ‘ (s 0 Mty

[ 3 tey 90 ] 1" - - -

30 108 a3 [ ] 103 - - - -

o LK) L '] 8 [ ] tie [} - 2
200
300 13 30 10 - ”» ¢ R A i

3 - - - - 73 11 " "

o #Properties of steel in strengthened condition.
1) Temperature (°C); 2) Kn15NGYu; 3) Kn17NSM3; 4) (ke/m®); 5) )00
'(kg/mma); 6) at.

of réaéhing the maximal lo' i under the 1nriuence of the preceding plas-
tic deformation. As a result of this, in the soft condition (after
_quench from a sufficlently high temperdture) the intermediate class
stainlesé steel has an unusual combination of mechanical properties: a
loﬂ‘}ield point, a relatlively high ultimate strength, high plasticity
and_toughness. With increase of the test temperature (to 100-150°) the
strength of the intermediate class stainless steel in the soft quenched
cohdition decreases sharply, since with even a slight temperature in-
c;eaSe-there i1s a reduction of the’rate of decomposition of the austen-
ite into martensite durlng plastic deformation in the test process.
Strengthening of the 1nt¢rmed1ate class stalnless steel 13
achieved by three methods. The first method consists of quenching from
a temperature, as a rule, which is lower than necessary for full solu-
tioﬁ of the carbides (950-1050°), as a result of which the steel ac-
quirés a gtructure of unstable austenite with a slight amount c¢f mar-
tehsite}”tben cold treatment at a temperature from =50 to -~70° for sev-
eral hpurs and tempering at 400-600°. During the cold treatment period
there 1s conversion of austenite into maftensite, which 1s accompanied
by a sighificant increase of the steel strength. If the intermediate
class Stainless steel ;s én aging Stegl, then during tempering there is
R 2153
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further increcase of its=strength, the maximal strengthening effect of
the aging shows up in’the temperature range 450-550° depending on the
steel alloying. In all probability, the aging ia associa ted with the
precipitation, or the preparation of the crystalline lattice for precle
pitation, of the dispersed intermetallides. Strengthening by the first
methoe provides the intermediate class stainless steel with a combina-

tion of high values cf the yield point and the ultimate strength along

- with satlsfactory impact toughness and plasticity. The second method of

strengthening the intermediate class stainless steel consists in
quenching after prolonged soak at 700-800°, during the socak time at
this temperature there is_intensive precipltation of the chrocmium-cone-
taining carbides, 1in this,cese the austenite is depleted'of carbon and
the alloying elements, the martensitic point 1s ralsed, and with c00l-
ing to room temperature tne:steei structure becomes martensitic. The
final operation 1s tempering or aging, in the latter case further
atrengthening of the steelitakes‘place.'After treatment by this method
the intermedlate class stainless steel acquires lower strength and low-
er toughness, and also has lower | corrosion resistance. The third method

of strengthening consists in work hardening the previously austenitic-

'quenched'steel by means of rOIIi‘g or wife drawing, in this case the

steel structure also becomes to : considerable degree martensitic. Fur-
ther strengthening of the work-hardened steel is achieved by agling at
4£0-480°. The intensit ty of the strengthening of the work-hardered steel.

depends primarily on the cold deﬂormation temperature, with increase of

the deformatien tenperature'the 'ate or strengthening is reduced siz-
nificantly. As a rule, in the strengthened condition the intermediate
class stalnless steel has good thermal stability.

The properties of the. intermediate class s,ainless steels cof the
same grade depend on the chemical composition: the higher the content
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of the alloying elements which lower the martensitic point (nickel,
chromium, molybdenum, manganese, etc.), the lower 1ts strength, and the

greater the centent of the elements which raise the martensitic point

(aluminum), the closer the steel becomes to the martensitic class and

the higher its strength. Carbon and nitroger. have a dual influcnce on
the intermediate class stainless steels. On the one hand, 1licrease of
the content of these elements lowers the martensitic point and facili-
tates obtaining a more stable austenite in the soft quenched condltioh
and less intenslve strengthening during cold treatment. On the othef
hard, carbon and nitrogen increase the st.ength of the martensite wiilch
is formed both during deformation of the austenite and during the cold
treatment of the steel. The effect of titani:m and the other elements

which fcrm nitrides and carbides which are difficult to dissolve must

- be considered primarily from the point of view of the reduction of the

carbon and nitrogen content in the solid soluticn. The chemical cémpo-
sition of the intermediate class stalnless steels 1s shown in Table 1
and the mechanical properties are given in Table 2. A

After heating to 1050° and ailr quench, the structure of the KhlSN-
gYu steel 1s austenitic, and the Khl7NSM3 and Khl7N7Yu steels are ausf.
tenitic plus 10-25% &-ferritic. The mechahical propérties of the Khl5N-
gYu and Khli7NSM3 steels at high temperatures are« presented in Table 3.

The physical properties of the Khl5NGYu steél are: % 1n the
strengthened conditlon 18 7.66, in the soft condition it 1s 7.75, a in
the strengthened condition 1s: 11.2-10°° (20-100°), 11.9.106°6 (20-
200°), 12.2~1o"6 (20-300°), 12.5-10"6 (20-450°) 1/°C; the fizures for
the Kh17N5SM3 steel in the strengthened condition are: y ~ 7.88, a =
= 30.4:.107% (20-100°) 1/°C. |

. The intermedlate class stainless steel has tke highest plasticity

after quench from 1050°, it can be deep drawn and stamped easily in
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the steol may be inhiblted as a result of prolizirary stzblllization of

the austenite, achieved by heating at tempera‘ures of 20C-550%, scak at

a temperature slightly below zero, and also by.pIaStie deformation. For

- most complete strengthening in the cold treatment, this Lreatment

should be performed as qulckly as possible afte:_the preliminary L
quench. Therparts should be loaded into a bath or chambef'which has
been precooled to a temperature in the fange of -50° to.—70°.

Improvenent of the machinability of the intermediate class staln-
less steel 1s achleved by the use of the following anneal: heat to
760°, hold for no less than 1.5 hours, air or funnace cool to room tem-
perature, subsequent tempering at 650b with air or:furnace cooling. Af-
ter this treatment the steel structure 1s basically martensitic In

fabricating parts from soft quenched mill products, account must be ta~

ken for the fact that as a result of the final strengthening during the
martensitic transformation durlng the cold treatmentvthere is an in-
crease of all dimensions by 4 mm per meter. ; ‘ .

In fabricating parts from mill products in the annealed condition,
there 1s a reduction of the dimensions by_O.h%wat the time of the sub-
sequent quenching, and an increase ofto.hflduringfcold treatnent, il.e.,
in this case there is little change of the:dimensions,of the parts in
the final strengthened condition in practice. - - |

The weldabllity of the intermedlate clasS’stainless steel 1s very
good in both the soft and the strengthenedhcondition;,no heating prior
to or arfter welding 1s required. Directly aftef-welding; the'weld seams
have basically an austenitic structure and therefore theybhave high
plasticlty and toughness along with relatively high strength, close to
the strength of the basic metal in the sort quenched condition i kg/.

) Having high plasticity directly after welding, the weld seams of
2156 o ‘
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the intermediate c1lass 3talnless S%ﬁuls are conaidcrabiy Yeon :ﬂ::it;:'
in this ccndition to ncnpenetration, pores, énd other stroess concentra-
tors than weld scams of martensitlc or pearlitic steel which has bheen
treated to the same strength. Taking account of the gcod weldabllity of
the intermedlate class stalnless steel in the fully strengthened condi-
tion, in many cases it 1s of advantage to fabricate large-scale welded
.structures from elements which have been prequenched. Forging of the
Kh15NgYu steel i1s performed in the temperature range 1200-850°, and for
the Khl7N5M3 and Khl7N7Yu steels 1n the range 1050-850°. With regard to
corrosion resistance, the'intermediate class stainless steel surpasses
the 13% chrome martensitlic steel and 1s somewhat inferior to the type

- 18-8 austenitic steel. The Khl7N7Yu steel 1s resistant to corrosion 1in
sea water. Tﬁe intermediate class stainless steel 13 delivered in the
form of rod, sheet and strip.

References: Potak, Ya.M., Sachkov, V.V., Popova, L.S., Vysoko=-
prochnyye nerzhaveyushchiye stall perekhodnogo austenitnomartensitnogo
klassa [High Strength Stalnless Steels of the Intermediate Austenitié-
Martensitic Class], Metallovedeniye i termicneskaya obrabotka metallov
[Metal Science and Heat Treatment of Metals], 1960, No. 5.

. Ya.M. Potak
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No.
o= pl = plavleniye = a J* iy
Ma<C = maks = maksimalnyy = maximum

TOCT ». GOST = Gosudarstvennyy obshchesoyuznyy standart = All-
Union State Standard

TY = TU = Yekhnlicheskliye usloviya = Specifiratlons

ITY = TsMIU = Tsvetnoy metallurgii tekinichesklye usloviya =
= Pcnferr01s Metals Specification

OTIl = otp = otretchatka = imprint

A A g R

ULTY = ChMIU = Chernoy metallurgii tekhnicheskiye usloviya =
= Ferrous Metals Specification

HHMMQM = TSNIIChM = Tsentral'nyy nauchno-issledovatel'skiy
instltut chernoy metallurgii = Central

Scientific Research Institute for Ferrous
Metallurgy

¥ = n = nadrez = notch

F———t

i HHMMTMAm = TsNIITMASh = Tsentral'nyy nauchno-issledovatel'

- skly institut tekhnologli 1 mashino-
stroyenly = Central Sclentiflc Re-

search Institute for Technology and
Machlnery

ny = pts = proportsional'nost! = proportionality
OTIl = otp = otpushchennaya = tempered

38Kk = zak = zakalennaya = quenched

HVMMITPCGIMALL = NIIPRODMASh = Nauchno-issledovatel'skly institut

produktsionnykh mashin = Scienti-
fic Research Instltute of Produc-
tion Machinery

HUVXVMVAl = NITKh"MMASh = Nauchno-issledovatel'skiy institut
. khimicheskogo mashinostroyeniya =
= All-Union Scientific Research and
Design Institute for Chemlcal Ma-
chinery Construction
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INTFRNAL FRICTION — property of materlals to diszipate (convertkinf
to heat) the mechanical energy wh;ch is imparted to a body in the pro-
cess of deformation. Internal friction is a typically nonelastic probé:é
ty which characterizes the degree of deviation from the behavior df per-
fectly elastlc bodies. Hence the theory of elasticlty does not at all-. -
take Internal frictlon into account. The internal friction mechanism .
can be different: 1) flow of material \enalogous to a viscous fluid);
which can be observed in both crystalline and amorphic bodies; 2)llo¢gi

or general plastic creep (primarily in the case of crystalline bodiles);

 3) unlike the two above mechzanisms of internal friction, in which the

thermodynamic irrevers.inli:ty 1s combined with geometric 1rreversibili;
ty due to the formation of recidual (irreversible) macro- or micro- -
scoplc deformations, it 1s possible to have dissipation processes also:,‘
without the appearance of residual deformations. Reference is had hére;
for exam?le, to diffusion dicplacements of atoms through distances of
the order of interatomic distances, disturbance of the tempergture and
concentration equilibrium, etec. For example, elastlc flexure of a rod
initially held at a constaﬁt temperature gives rise to a temperature
gradient, since the elongated fitcrs are :loied and the compressed fi-
bers are heated up. Disturbance of the thermal equilibrium results.in-
relaxation and equalization 6f‘temperatures with'attendahtvconversion
of a part of the elastic 1nt9 mechanical energy. A second example 1s
the elastic deformation of an alloy with an initially random'distribu-
tion of the component atoms which is nonuniform withrreséect to zones.
Large atoms in the elastically deformed ;attice of the alléy tend to .
o 2159 | a
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process, that 1s, diffusion,'which brings the elactivally deformed
body closer to the equilibrium state., The dgmonstrations of internal
friction in these case (hystoreéis, damping, aftereffect, etc.)vcan
take place independently of the presence of general and local plastic
deformation ahd also'wheﬁuthe”iaiﬁé;“dérnot,exist. The group of pheno-
mena which is related to the 2nd and 3rd of the enumerated internal
friction mechanisms is frequently called incompleteness of elasticity.
The following differentiation can be made between kinds of inter-
nal friction on the basis of the extent to which they are local: 1)
Submicroscopic, for example, by diffusion, therrmai conductivity, etc.
At moderate temperatures an important role is played by the distance
mechanism of internal friction, uhder which the enefgy dissipation take
~place due t0'vibraﬁiéhs,'breaKaWay,”éﬁ&fother modes of dislocation dis-
’ placements. These probesses may take place both in elastic andyin plas-
tic deformations and they can interact with fhem. 2) In the form of
plastic microdeformation, when the entire body is, on thc average, stili
in the elasilc region; 3) Macroscopic, when viscous flow or plastic de-
formation of the entire body takes place. Thus, in the ail-encompassing
sense of the ﬁord, we can refer to internal friction nonelastic pro-
cesses of varying nature, including diffuslon, heat, electric and mag-
netic, damagability and initial failure, etc. However, it 1s conven-
tional to refer to internal friction primarily local processes: relaxa-
tion of stresses, damping of vibrations, hysteresis, aftereffect, and
other phenomena which accompany the deformation‘of an elastic Body as a
whole. Demonstrations of internal friction are accompanied by changes iq
a numper of physical (temperature, changes in magnetic and electric
flelds, appearance of internal stresses) and physio-chemical (structur-

2160
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TAILT T et T Lrely reLate o wn Alffusion) facnoro, Henne the
:aiaria; canoarrroach egullitriun throush relaxﬁticn due: to the simul-
taneous effect of varicu:z processes. The ensemble of relaxation times
(or thelr reciprocals) forms the relaxation spectrum of the given
materiai.

The following can serve as a measure of internal friction: 1) the
gbsolute amount of energy which was converted into heat (attendant to
repeated loadings referred to one cycle); 2) ratio of the amcunt of
energy converted into heat (dissipated) per cycle AW, to the maximum
potential energy of the cycle W, that is, the quantity W; 3) changes in
the area, width or height of the hysteresis lcop in single or multiple
loadings; 4) damping of free vibrations which is evaluated, for example,
by &, the logarithmié damping decrement; &) the width of the resonance
curve of Aw/w, where Aw 1s the deviation from the resonance frequency 6,
at which the amplitude of the induced vibrations is reduced by a factor
of two; 6) the quality factor Q which shows by what factof does the am-
plitude of statlionary induced vibrations on resonance exceeds the am-
plitude of these vibrations away from resonance, or its reciprocal,

Q_l

. All these quantitles are interreiated:

- AW [ Aw -
Cl=gw=z=T V3

The methods of measurement of internal friction can be based: 1)
On sfatic measurements. Here a comparison is made of iéading and unload-
ing curves attendant to static deformation with an accuracy sufficient
for find;ng divergence between the loading and unloading branches of
the diagram. The comparison can be performed either with respect to the
relative width y of +the hysteresils loop (referred to the greatest
strain); or with respect to the relative area ¥ of the hysteresis loop

(referred to the highest energy of the cycle). 2) On measurements at-
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i} vitrations, for example, for a

+

tendrat to ctation:
given anplitude of induéed vitrations a measurement 1s taken of the‘ 
quantity of éissipated energy, or for a specifiéd vibration force a
measurement is made of the amplitude, etc. 3) On measurement;-attendant'

to lbngitudinal, transverse, flexural or torsicnal damped vibratibns,

where thé extent of damping measured under specified conditions serves

as the characteristic of internal friction.
Study of 1ntérnal friction 1s important: 1) As a sensitive method -
for discovering and studyling structural changes. In thls case of pri-‘
mary importance 1is not the absolute value of internal friction, but its
variation as a factcr.cf the value and character of the load, tempera-
ture, composition; structure and other factors. The method of inpernal
friction can be used to study many phase transformations{ in particulai,
the kKinetics of the disintegration of supersaturated solid solutions,
diffusion parameters, solubility limits of solld solutions, displace
ment of boundaries of spontaneous magnetizatiqn in ferromagnetic materi-
als, dissipation of oscillaﬁion of the crystal lattice of metals, eﬁc.
2) For characterization of the materiél's capacity to reduce (equalize)
the maximum vibration stresses. In these cases an attempt is made to
achieve, all other conditions remaining equal, highest internal fric-
tion. For example, when the internal friction is reduced by a factor of
tworand the vibrations are damped; ihe vibration-induced stress peaks
increase in service and result in fatigue failure‘of stcam-turbine
buckets, However, frogqu-nr!v tne Yz+wyctural damping," for example, in
couplings, Joints and hinges plays the major role, since 1its aﬁplitude
exceeds appreclably the damping of material by internal fricﬁioh{m3) To

characterize the materials of precision instruments such as manbmeters,

altimeters, flowmetefs, tarometers, etc. It 1s desirable that the mater-
lals of the elastic elements of these instruments should have the small-
' 2162
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ect deviaticon between the loading and unloading Lbranchen, oince the lne
dications of the instrument should not depend on whether the meanure-
ment was taken in the process of loading the elastic element ("from the
bottom”") or unloading it("from the top"). In these cases an estimate o
the basis of the size of the hysterecis loop 1s most suitable.
References: Finkel'shtein, B.N. Relaksatsionnyye yavleniya Q tver-
dykh telakh [Relaxation Phencmena in Solid Bodles], in the collection:
Relaksatsionnyye vavleniya v metallkh 1 splavakh [Relaxation Phenomena
in Metals and Alloys), Moscew, 1960; Vnutrenneye treniye [Internal
Friction], in the book: Fizicheskiy Entsiklopedicheskiy slovar' [Ency-
clopedical Dictionary of Physics], Vol. 1, Moscow, 1960, page 284;
Uprugost' 1 neuprugost' metalléf [Elasticity and Inelasticity of
Metals], Collection of translations, Moscow, 1954.

Ya.B. Fridman

2163



PSSR

INTERNAL STRESS 1s the stress existing within the limits of a

Aoody:(sometimes a system of connected bodies or a portion of a body)

‘which is in equllidbrium with nonuniform deformation within the body

without the application of external forces to the body. From the condi~

;tibn of equilibrium it follows that theWsum'of'tne internal loads
i(foreces, bending and torsional moments) frem_the internal stresses is
. equal to zero. Therefore, for exemple, tensile stress in one zone cor-
:responds to compressive stress in another-zone. The smaller the sec-
:'tion in one of the zones, the higher the stresses in this -one., The in-

ternal stresses and divided into residual stresses anﬂ transient stress-

es, which disappear after removalrof~tneir'cause. An example of the

~ latter might be the thermoelastic stresses in an eiastic body (witﬁ oc=-
. currence of a nonlinear temperature gradient in the body) or in the

“thermal bimetals, in which metals with sharply differing coefficients

of thermal expansion are in intimate contact.

Ya.B., Fridman




INVAR -- isvan Fe alloy with 36% Ni (N36), characterized by a very
low linear expansion coefflclent (a < 1.5'10_6 in the temperature
range from —-80° to +lOO‘). It 1s utilized for the prcduction of tape
measures, rules, geodesic wire, and parts of measuring instruments
whose dimension must be constant within the range of climatic tempera-
ture changes, It 1s delivered in tha form of *apes with a thickness of
0.2-2.0 mm, in sheets with a thickness of 3-11 mm, as wire with a
thickness of 0.1-3.0 mm, and as fcrged rods with different diameters.
Fe-Ni-Co alloys with 30-31% Ni and 4-6% Co (Superinvar) possecs a par-
tlicularly low linear expansion coeffilclent. The N3OK4D (EI63CA) alloy
(2 < 1:20~% within —60° and +60°) 1is delivered in experimental lots for
parts of measuring instruments with a very high accuracy. The corrosion-
resistant Fe-Co-Cr alloy with 37% Co and 9% Cr (stainless Invar) shows
also a low linear expansion coefficient.

References: Livshits B.G., Fizicheskiye svoystva metallov 1
splavov [The Physical Propertles of Metals and Alloys], Moscow, 1956;
Smolyarenko D.A., aﬁd Kaplan A.S., "Standardizatsiya" [Standardization],
1959, No. 3, page 1l%. '

B.G. Livshits, A.A. Yudin
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IJFFE'S EFFECT - is the increase in strergth and plasticity of
rock salt effected by water. 1s phenomenon was first ascertained by
A.F. Ioffe and M.A. lLevitskaya. Rock-salt crystals proved a high

strength and plasticity when broken in hot water. The true ultimate

strength of individual samples reached 30-160 kg/'mm2 approaching,
therefore, to the values of the theoretical strength. Rock-salt crystals
have a low strength (up to 0.5 kg/mme) and plasticity(é less than 0.1%)
in dry state. Other researchers had subsequently also observed a signi-
ficant increase in strength {up to 5-10 kg/mmz) and elongation (up to
20-30%) in numerous experiments of stretching diverse varietles of rock
salt in water. Experiments had shown that water has an analogic effect
also on the crystals of other metal halides (kC1, for example). The
Ioffe effect is explained by dissolution of surface defects and cracks
which are removed and smoothened by the action of water. Cwing to this
fact, not only the breaking strength of rock salt is increased, but the
rock salt becomes capable of plastic deformation; the strengthening oc-
curring in this way increases in turn the ultimate strength of the-rockv
salt. Water does not ouly render hérmless the surface defects which are
present in the initial state, but also the defects‘which appear on the
surface of the éémpie at the-plastic deformation. Therefore, the
strength and plasticity of dry-rock-salt increase also, although in a
lower degree than when stretched in water, after a previous dissolution
of the surface layer in water (witﬁout load).

~ References: Ioffe A.F., Kirpicheva M.V., ILevitskaya M.A., "Zhurnal -

. Tus. fiz.-khim. ob-va" [Journal of the Russian Society of Physical
2166 ' ‘
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Chemistry], 1924, vol. 56, No. 5-6; Kuznetsov V.D., Fizika tverdogo

tela [Solid State Physics], Vol. 2, Tomsk, 1941 (in collaboration with
M.A. Bol'sharnina).

S.I. Kishkina-Ratner
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IONIZATION METHOD OF X-RAY AND GAMMA-RAY FLAW-DETECTION 7'is the
cuntrol of the quality of materials and objects by tfans-illumination
and measuring the intensity of the radiation, which hao passed the ob-

“'Ject to be checked by means of detectoro transforming the radiation

- intensity into an electric signal. The degree of weakening of the radia-

tion on the controlled section, and therefore, the presence of flaws

i'_ involving an interruption of the continuity of the material (blisters,
faccumulation ¢f pores, etc.) or local changes in the thickness of the
checked object can be judged by the magnitude of the electric signal.
o vThe procedure of checking a large number of monotypic objects can be
.-automatized. The main units of an lonization flaw detector (Fig.) are:
;»the radiation source (Xfray tube, Radioactive Isotope or Betatron) with

‘ ~a collimator 1solating a small radiation beam; the radietion detector.

(usually a scintillation counter when operating with cufrent);ithe am-

plifier, and the recording or signalling output-device. A:small section

of the obJect corresponding to the cross section of the operating

radiation beam 1s radiated in each instant of time; the total object is

~ checked successively by moving of the object relatively to the source —

detector system. The limit thickness of the radioscopy is”determined by
the penetrating capacity of the used radiation‘and can epproech 500-600
mm for steel and caet iron when betatrons are used.,The sensitivity of -
this.method is of the same order as the photographic control, but the
efficiency_is significantly higher especially when very thick obJects

must be checked.

2168

B A 1 Rl Tyl o B T 1 S e < VY e ah ) e b 3 o s el e




I.21I2

Pig. Scheme of the ionization flaw detector: 1) Radiation source; 2)
collimator; 3) obJect to be checked; 4) radiation detector; 5) ampli-
fier; 6) output device. 4

~L.K. Tatochenko
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IRIDIUM, Ir — is a chemical element of the VIIIth group of Mende-
leyev's Perlodic System, atomic number 77, atomic welght 192.2 Ir191
(38.5%) and 1193 (61.5%) are the stable isotopes. The metal belongs to

the platinum family; its occurrenée in the earth's crust is equal to

1~ld—7% by weight. Its density is 22.4 g/cm3, t° . is 2410°; It is a

1
" very hard and brittle metal. It is mined togethei with platinum. The
high-melting characteriétic, the inoxidability at high temperatures,
and the hardness are its most valuable features for technical purposes.
The price of iridium is nigher than that of platinum due to the rarety

of the former. See Noble Metals.

0.Ye. Zvyagintsev
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IRON;.FE.~:1s'é ¢hem1ca1 element of the VIII Group of Mendeleyev's
Periodic‘sysﬁémg éﬁpmic number 26, atomic weight 56.85. It consists of
4 stable iséﬁopes: f’es4 (5.84%), Fe5® (91.68%), Fe57 (2.17%), end Fe58
(0.31%). The degree of purity attained is 99.98%; it melts at 1539°; it
exists 1n solid state in two allotropic modificaticns. Up to 910°, iron
exists in‘thé a modification characterized by a body-centered cubilc
lattice.‘The d'ﬁbdification turns above 910° into tﬁe v modification
with a closely packed face-centered cublc lattice (Fig.); this modifi-
cation 1is stéble up to 1400°. Above 1400°, the bbdy-éentered cubic lat-
tice, termed as & hodification (although it is analogous to the a modi-
’ficdtion), beéomes,stable anew, Commercially, pure iron 1s used mainly
in electficai,engineering for the production of cores of electromagnets,
rotors of electric motors, etc. Iron powder is widely used for the pro-
duction of machine parts by‘means of powder metallurgy, and also as &
base for steel production. |
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Fig. Scheme of the change of the crystalline structure of iron on heate
ing (the value of .the lattice constant is given for 20°).
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TABLE 1

Mechanical Propérties of Iron of
Different Purity ~ : '

l q ._‘ dacnrpo- 5
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1) Properties; 2) purest iron; 3)
electrolytic iron (annealed); 4)
~carbonyl iron; 5) commercial soft
steel (annealed); 6) kg/mme.

TABLE 2
Physical Properties of Iron
2 ITepensanien- L
TeXMmreck | wre ’m“f“l’go Yncrefimee
JAUTRY, Weae:
1 Caolicrsa “f.'.";o";f,’g’" » CricNensoe wedean
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M) s s e s e 7.87¢ ' - e
T toto0s S 1ot d 128 1.9 =
A(0 m 100°% xaacm cen - )
OC) s s e s e Lo 0.133 0,477
€(0--100% xase.°C) V. . 0,11t - Ed
pwanne - )
G—=100° R11.8) b « 11.3 -
20'& o Mm? m)oo .k 0.99 - -
. oAl ]
(cmd,com) MD ! .o e - a-Fe 2,310~
) y-Fe 5,8 10=2
Smepran awrmanux  ca- !
moan ddyamn A
(xxaas-amom) 1O . . . - - c-;e n.;
. : yFe 74,
Ocrarouman mrlinun . .
neayRuann (x) . « « 180001t 000 00—11 000 | 8000~1¢ 000
12 KospanTusman cnas (3) . 1. 0,1~0,% 9.022
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() Tz. ....... T - 21 630 L -
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BOGMOCTE « Jip o o o 0 o $000—-10 000 |10 000-20 000 | ac 680 000

1) Properties; 2) comme ’1&1 pure iron
of large-scale productigﬁ; 3) remelted
electrolytic iron and siPtered'carbonyl
iron; 4) purest iron; 5) cal/cm-sec: °C;
6) cal/g °C; 7) heat capacity (0-100°,
cal/g); 8) ohm'mm2/m; 9) self-diffusion
(kcal/g-atom); 11) residual magnetic in-
duction ggauss);.lz) coercive force -
(oersted); 13) magnetic saturation (gauss);
%h) maximum magnetic permeability; 15) up
O. ) ’ }

M,L. Bernshteyn
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ISOPERM — see Magnetlc Material with Increased Permeability.
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ISOTROPIC MATERTIALS — are homogeneous materials whose properties,

in contrast to anisotropic materials, do not depend on the direction of

the measurement. All "structureless materlals — glasses, certain poly-
mers'(rubbér, polystyrene, etc. ), gases and flulds, free from the ef-
fect of force fields, are isotropic. Many polycrystalline materials are
macroscopically lsotropic 1f a texture is absent, i.e., if the crystal
latt1¢es in the different grains are chaotically disorientated. These
materials are aore stricly termed quasiiébtropic because they are
anisotropic within each grain (in the microvolumes). Spatially directed
external-effects, mechanical and thermal stresses, etc., displace con-

forming to a rule the particles of bodies and transform the latter rom

the lsotroplic into the anisotroplc state (fluidéA}ﬁﬁﬁlﬁgmiﬁmﬁiééé;m*“jﬁwvNN

stretched poclymers, etc.). This effect is utilized particularly in the
optical method'of the 1nvestigation of stresses.

Sh. Ya. Korovskiy
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ISOVIL — see Polyvinylchloride fiber, -
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JET — a variety of bituminous, dense, tenacious, low ash-content

coal which 1s easily machined. The composition is not constant,lit is

éharacterized by a.high‘content of voiatilerfractions (above 50%) and

hydrogen (up to 9%).'On the average Jet contaihs (in ®): C 70-£0,

H 6-8, 0 14-19, N up to 1; when burned the residue contains less than

0.5% ash, 40-45% of coke and 55-60% of volatile fractions. The specific

welght 1.2-1.4, Mohs hardness 3-4, pendulum hardness (in secs. ) 29-40,

the porosity does not exceed 0.25%. The color ls black-brown or black.

Young's modﬁlus 360 kg/cmz, ultimate compressive strength up to 1000,

ultimate flexural strength 300, ultimate tensile étrength 350 kg/bmz.

Jet has good dilelectric properties: dlelectric coefficient 7-12,
cific volume resistivity 2.6-108-1.9-1010 ohm-cm, the dielectric
angle tangent is O 4-0,9. Jet is easily cut by a knife, drilled,

planed, takes threading, 1s beautifully polished. In thin plates

' _elastic at room temperature, at 100° it can be twisted and forge

retaining the shape thus imparted on cooling. When heated to 250-

spe-
losses
sawed,
it is
rolled
275°,

Jet generates gases ahd at 4C0° it burns. It resists cold hydrochloric

and particularly phcsphorus acids and alkalls. It déébhpbéés'inwéulfurQ

ic and nitric acids.

The use of Jjet 1s based on its dielectric properties, chemical

stability, attractive, lustrous, deep black color, the feasibility of

machinihg by simple tools. It 1s used for components of radio and tele-‘

phons apparatus, noncritical components of textile'and other machilnes, .

" in chemical machine'building as an acid and alkali resistant material,

for the production of art articles. Jet can be used as a filler of

2176
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plastics and rubbers. It 1s machined by meﬁal-cutting and woodworking
machine tcols (circular saws, lathes, etc.), frequently upon heating to
120-150°,

References: Rybin, A.A., Gagat, yego mestorozhdeniya, obrabotka 1
primeneniye [Jet, Its Deposits, Machining and Utilization], "Byul.
Tsentral'noy n.-i, labor. kamney-samotsvetov" [Bull. of the Central
Scientific Research Laboratory for Gemsl, Issue 5, No. 2, pages 11-26,
1953.

V.I. Fin'ko
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KALAKUTSKIY'S METHOD — is a method to‘meaéufe the radial ana cir-. ’
cular residual stresses in discs., The disc isvmérked on its face with a
number of concentric rings, in each the ;nit1a1 diAmeter 15 measured by
v'dféfing.graduation lines. Then the disc 1is Cut_into rihgs, the diameter
of the rings are measured anew, and the radialgnd'circular residual

stresses are calculated based on the changeé.in the'diameter values,

The magnitude of the radia stresses which réiax when the ring 1is cut,.'
and which cause partially its defommatlon, is neglected in a simplified
variation of the Kelakutskly's method. Further Kalakutskiy's method was
simplified by McRee and Klein. The residﬁél stresses are determined by

AD

the formula o6 :po,~—EF , wWhere o, are the normal circular stresses,

o, are the radial stresses, p 1s the Poisson's ratio, E 1s the normal -
modulus of elasticity, and AD is the changé_of the diameter tiﬁaused by
cutting out the ring. The minus sign in thé_right part of the formula
indicates the appearance of stretching resldual stresses when the dia-'
meter decreases (AD < 0), and of compreséing-bnes when the diameter in-
creases (AD > 0). In the case of a great strésé grédient along the
thickness of the fings, the rings are in addifiod cut,radiallyghgqgﬂphe“m

. in the outer fi-

bers of the ring is determined by the formulae o~ :2an, , dr"u}:;i%Ac

not-detected part of the residual circularHStreéses o]

t al I’

where & 1is the thickness of the ring; AD, is the mean change in the ring
diameter D after it ;s cut along the radius;-Aa"ié‘the change inAfhe '
distance between the marks on both sides.bf'the gap which ériSes when -
the ring 1s cut along the radius. The eXactneﬁs'of the laét two formu- -

lae is sufficient if the ratio of the radius to the thickness is not
| 2178 |
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less than 10.

Literatdre, see llesidual Stress.

Ya.B. Fridman
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KAOLIN‘- is a loose rock with white color, consisting of the argil-
.'laceous minerals kaolinite, halloysite, hydromicas and greater or fewer
impurities as quartz, feldspars, micas, rutile, iron oxides, and other
minefele. Primary andleecondary (redeposed) kaolins are distinguished.
KeOIih cpncentrates obtained by enrichment of natural, mainly of pri-
'1 ma?y kselins, consisting essentially of the mineral kaolinite, arc ucscd
A ieftﬁe industry. Kaolinite is the main argillaceous mineral of kaclin
'(naerite and dickite, differing from kaolinite in structure, occur con-
 eidereb1y more‘rarely in nature). Kaolinite is a schistous alumosili-
1eate hydrate with the composition: Al203'2810é'2H20 (46.54% 51oé;'39'50%
A1203, 13.96% Hzo), it is triclinic, and is one of the most widespread

' 1n nature polymorphous modifications of this substance. It oceurs in
1phe form of segregations of white-colored lamellae with a pseudo-hexa-
éonallshape and a size of some microns, very perfectly cleavable along
(001). The Mohs hardness is 1-2, the specific gravity is 2.58-2.60; the
weight by volume is 1l.8-2.2 g/cm3 the refraction indices are: ng =

= 1.566; n, = 1.560. The heat of wetting is 1-2 cal/g; the specific heat
(in_Joules/g) is 0.99 at 0°; 1.17 at 200°, and 1.35 at 400°, Kaolinite
ioees water and transforms into metakaolinite when heated to-550-600°.v
. The dehydration of kaolinite is accompanied by & hcat absorption of
.95—100 cal/g. When heated further, metakaolinite transforms at 925-950°
into alumosilica spinel (giving off 16.5 cal/g), which at 1050° is '
transformed into mullite contaminated by cryutobalite Kaolin 1s hydro-
' philic, i ‘forms with water a suspension or a plastic body; the coher-

ence of‘kaolin 1s considerably lower than that of other plastic refrac-
| | | 2180
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tory clays and does not exceed 7-10 kg/bma. the cementing power is low,

the sintering temperature is 1300-1350°. The refractoriness 1s 1750-
1800°. Hydrochloric and nitric acid h#ve almost no effect on kaolin,
sulfuric acid decomposes it easily, especlally when heated. Kaolin has
found a very varled and wide utilization in industry, which is based on
its diverse physicochemical and physical properties: hydrophilic nature,
high dispersity, white color in natural and fired state, high refrac-
toriness and high content in alumina, plasticity, chemical inertness,
“high :lectric properties in fired state, etc. Kaolin is used: 1) as
an active filler for paper (250-300 kg kaolin are consumed for 1 ton of
paper), for rubbers (10-12% by volume), for plastics, for composition
materials, etc.,; 2) in the production of glue-colors and oil-paints as
a white pigment (in fired state) instead of titanium white; 3) in cera-
mics for the producticn of China clay and falence; 4) for the produc-
tion of refractories; 5) in the chemical 1ndg§try for the production of
aluminum sulfate, alumina, ultramarine, as a catalyst for the cracking
‘of hydrocarbons, as a carrier and filler for insecticides and fertiliz-
ers; 6) in the production of oilcloths, pencils, perfumeriles and cos-
metlics, and in other industrial branches.

References: Nemetallicheskiye iskopayemyye SSSR [ Nonmetalllic Miner-
al Resources of the USSR]. (Collection of Papers), Vol. 4, Moscow-len-
ingrad; Otsenka mestorozhdeniy pri poiskakh 1 razvedkakh [Evaluation of
Deposits in Prospecting and Exploration], No. 11; Samoylov V.F., Mel'=-
nikov I.I., Kaolin, Moscow, 1951; Betekhtin A.G., Mineralogiya [Minera-
logy], Moscow, 1950.

V.I. Fin'ko
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KEROSENE-CHALK METHOD OF FLAW DETECTION - consists in putting kero-
sene on the surface of the plece to be checked, which fills the hollows
of the flaws. Thereupon, the exceés of kerosene 1s removed from the sur-

face of the plece and a chalk cover is épplied. After some time, the

kerosene 1ssuing from the flaws impregnates the chalk cover. The pre-

sence of flaws can be detected on basis of a dérkening (getting yellow)
of the chalk cover which repfoduces the features of thé flaw. The kero-
séne-chalk method of flaw detection has a’;ow sensibiiity{ it 1s there-

fore used only for the detection of flaws'oﬁ_objecfs with a lower re-

‘sponsibility (see Capillar Detection of Flaws).'.

~ S.I. Kalashnikov




KERSEY — 1s a tight multilayer combined-weave cotton fabric used

for technical purposes. Kersey 1s manufactured in a raw and in a smooth-
dyed form. The main characteristics of kersey are listed in the Table.
In the printing trade kersey 1s used as a technical fabric. to cover the
drums of lithographic machines. It must have & uniform thickness, a
smooth surface, and a strong resistance to stretching.

TABLE
The Main Characteristics of Kersey

X Paspuansn .
3 . g obed Yasumenne
) 2 Bee e (% e wer)
Apmxya Xapaxnpueruxa I(.:)- m:'t""’“' 204200 wm
‘ ' ' %no |Pan | Tun '8,
rcnove| yTry | nenoee| yray
1
10 : !
4108 9 aayxedohuan | 0TG- an 2] ae3a1s PP TR TTHN PR
aint,? asyzerotman To me !l 340215 "2 120 ] eo | 43} 13
4112. ¥ asyxcaodnan | Faaaxonpamenan 12 | 383220 10112 129 L e | 1
131 pexcacknan, oOpabo- | Cyposan te 8103320 91.521.3 | 100 %S 2% 19
TARBAR KA YR YKOSM- ¥9.921.9
M% BACHKAMN  NAN
ARERNANN A OCHOSE
ACRNINOPBRNNES Tasaxonpamsenan 12 810120 l.‘l‘.z‘z'ls.! 100 %0 19 12

1) Fabric; 2) characteristics; 3) weight per 1 m (g); 4)
width (cm); 5) breaking load (kg, not less than), for a
20 X 200 mm strig; 6) elongation (%, not less than), 7) -
along the warp; 8) along the wrof; 9) double layer; 10
bleached, dyed; 11) the same; 12) dyed; 13) three-layer,
with application of rubber- or polychlorovinyl films;

14) crude.

S.Ye. Strusevich
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KIESELGUHR -~ 1s a loose or compact mineral composed maiﬁ;y from

e hydrated silice particles. With regard to the composition, the proper-
F 1 ties_and‘the application, it is identical with tripoli earth., Varlants
of tripoll earth, used as adsorbents, are named kleselguhr.
- P.P. Smolin
}
‘- 2184
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KNOPITE -~ see Perovskite.
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KOL'CHUG ALUMINUM — is the first Soviet alloy of the Duralumin
type produced in the Kol'chugino Plant in 1922, The chemical compési-
tion (in %) 1is: 4-5 copper; 0.5-0.6 magnesium; 043-0.5 manganese; O, 2-
-0.6 nickel; 0.3-1 iron; 0.2-0.4 silicon, the rest is aluminum. The

physical properties are: density 2.9 g/bm3, modulus 6f‘elasticity 7300
kg/hmz. The alloy 1s hardened by heat treatment and, dependent upon the
type of the intermediate product, produces the following properties:

o, = 36-42 kg/m’; oy , = 19-23 kg/m2; & = 15-22%; HB = 90-100 kg/mm2.
It is no longer used. ‘ | | |

References: Butalov V., "Kol'chugalyumin" [Kol'chug Aluminum],

“"Yestnik metallopromyshlennosti,” 1924, No. 1-3.

0.S. pochvar, K.S. Pokhodayev

. - | 2186

A et B L S, G AR A B i W I 20 g ) M R s S 1R e, s e




KURALON is a synthetic fiber produced in Japan in the form of film

and staple fiber (see Polyvinyl Alcchol Fiber).
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KURPLE.'I‘A 1s a triacetate fiber (staple and filamentary) produced
in England (see Triacetate Fiber).

2188

W e e, R D A 3 WS WIS TH AT Mern ok} Wea e s T IS SN AL VT A LW A e S ST L mlems e e e

,
.
—-




II-40k

KURTEL' is a synthetic carbo-chaln, polyacrylonitrile modified fi-
bef used in the textlle and knitwéar industries. It is produced 1in the
form of staple fiber (NM el. 6000, 4500 and 3000, fiber length frbm 36
to 150 mm) with ciréular-cross-section. The fiber 1is resistant to sun-
light and microorganisms. The specific weight of the fiber is 1.17,
moisture content at standard'conditions 1s 2 percent, swelling in water
is 20 percent by wéight. Softening temperature is 160°, buraing temper-
ature is 230°. Shrinkégé in boiling watér is 1 percent (fiber 1s also
produced with 19’perceht shrinxage for fabrication of high-volume yarn).

For other physical and chemlcal propertles see Modified Polyacryl-
onitrile Fiber. | |

Breaking length in the dry condition 1s 27<31.5 km; in the wet con=-
dition 1t 1s 22;5-27 km; elongation in the wet condition 1s 30 percent.
Kurtel' 1s colored using the dispersion and basic dyes which give the
fiber coloré'which are'reéistant to sunlight and washing.‘Kurtel' is
used in the.puré fopm.ahd in comblnation with wool (fo give products
stabllity of forh'and dimensioﬁs). Products made from Kurtel' are nota-
bly wrinkle-free, .

L.M. Musichenko-Vasiltyeva
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KYANITE (disthene) - is a mineral of the class of silicates
(A12'8105), it 1s similar to sillimanite and andalusite with regard to

the composition and applicat;on,”and”o;fferufromrthem in the structure
of the crystal lattice and in,some physical properties; it has usually
up to 1-2% (sometimes uprto“?%) Ee203'as an isomorphous impurity. Its
coclor is.ezure or blue, green!ryeliow, or grayieh-brown; it is rarely
colorless or.black, The hhrdheSs'is ihequal in the different directions:
4,5 along the crystal, and 6-7 acroee the crystal (according to the
Mohs scale). It 1is brittle.eThe'specific gravity 1is 3.56-3;68. It de-
composes at 1000-1380° (according-to the diverse sources) and forms
mullite and alumina glass, £hé volume 1lncreases at the saﬁe time by 207.
Products with a porosity of 25- 10% and a weight by volume of 2.6-2.7
g/cm may be obtained in the production of mullite refractories depend-
inz on the binder and the preheating. The products from kyanite have,
in contrast to silimanite products, a somewhat higher mechanical"
strength; the resistance to abrasion, determined in Richter's device
(in mm) is: 0.4 at 1000 m wavelength,‘and 0.6 at 3000 m. The coefficient
of the thermal expansion is 0.43-0.5 at 1000°. The heat endurance (ac-

cording to different sources) is equal to 15 50 cycles (with a tempera-
ture drop from 850£5°). Objects from kyanite dissolve more readily in |
strong'ecide than sillimanite products; 68-78% remain insoluble in hy-'

drofluoric-acid,'Kyanite.is‘better.extractableeby flotatioh than silli-
manite and endalusite. Kyanite is the most widely used mineral of the

' sillimanite group., '

| | P.P. Smolin
2190
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LACQUER AND PAINT COATINGS are coatings which are widely used for
protection of metallic products.from corrosion, nonmetallic materials
ffom moistening and rotting, and also to give the products and materi-
als speclal properties and a decorative appearance. The lacquer and
paint coatings are liquid or paste-like solutions of resins (polymers)
in organic solvents or vegetable olls with additions to them of finely
dispersed mineral or organic pigments, fillers, drying agents and cer-
tain speclal substances. After application to the surface of the pro-
duct to a thickness of 100-150 microns, the lacquer and paint coétings
dry with the formation of a film which has valuable technical and dec-
orative properties. The film properties are determined dby the proper-
ties of the film-forming substance and the pigment. We difrerentiate
two groups of lacquer and paint coatings. Those of the first group form
nonconversion or conversion films as a result of the physical process
of the evaporation of the solvents. The film-forming substances are:
low-molecular natural resins (shellac, resins, bitumens); various sim-
ple and complex cellulose esters; synthetic resins: low-moiecular (1di-

“tol) and high-molecular (perchlorvinyl, polystyrene, polyvinylacetate
and others). Those of the second group form conversion or nonconversion
fllms as a result of the camplex physico-chemical processes cf oxida-
tion, polymerization, condensation or simulataneous polymerization and
condensation. The film-forming substances are: low-molecular vegetable
olls; loﬁ-molecular synthetic resins (polyurethane, alkyd, epoxy, urea-
and melamine-formaldehyde, phenolic and others); high-molecular (rub-

bers and others).

2191
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The lacquer and paint coatings are used for painting: exterior

(aireraft, automobiles, raillway cars, motorcycles, heavy machine con-

struction equipmeht, etc.); interior (instruments, interior surfaces of
railway cars, etc.); special (labeling of rubber, leather, etc.); tem-

porary (protection of metal during transport and temporary storage);

- chemical resistant (protection against moisture, aclds, alkalis, com-

bustibles, aggressive gases, organic solvents): heat resistant, sup-
porting temperatures from 100 to 1000° with retention of protective
propertles and exterlor appearance; waterproof (protection.of under-
water portions of ocean and river vessels, hydrotechnical 1installations,
etc.), which retain their properties under water for long periods and
prevent the formation of surface fouling by microorganisms and algae;
11lumination (screens, light reflectors, etc.), which have a high 1light
reflectioh coefficlent; bactericldal, which prevent the groﬁth of in-
fectious microorganisms on the painted surfaces; and also for the elec=-
tric insulation protection of various electric machines, radio equip-
ment,'artistic paintings, etc. A unified noménclature and deslignation
for lacquers (TU5KU-471) and for enamels (TU-KU-472) 1s used in the
USSR. The designation for the lacquers and enamel palnts is composed
from the name of the basic resin appearing in the composition of the
material, a nomenclatire syﬁbql (field of application), and the designa-
tion of the external form 6f the coating. The protectivellacquer and
paint coatings for various surfaces are different: for the métals théy
usually coﬁsisﬁ of a primer layer, having anticorrosion properties, and
an outer layer of enamel paint which prevents penetration of moisthre
and aggreésive lons to the metal surface; for wood they consist of a

primer layer which has pore-fllling and sealing properties and an outer

‘waterproof layer (lacquer or paint). Puttying materilals are used to

smooth the surface prior to painting. The outer paint layers must cor-

2192
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respond to the specified operating conditions: atmospheric resistant,
water resistant, resistant to microorganisms, chemical resistance, etc.
The production of the lacquer and paint coatings consist of the follow.
ing technological operations: preparation of the surface, application
of the lacquer or paint material, drying of the coating film. fhe pre-~
paration of the surface prior to painting determiries the quality of the
coating. A rough surface, oxide, phcsphate and other films improve the
paint adhesion, which improves 1its protective effect. The lacquer and
paint coatings are applied by brush, spatula, 1pp1ng;'pour1ng,'pu1ver-
ization, spraying, compressorless spraying or spraying in an électro-
static fleld. Stamp or roller application is also used. The lacquer and
paint coatings are dried at 15-35° (cold method) or at 80-180° (hot me-
thod). Most of the conversion lacquer and paint coatings based on the
thermoreactive resins give high quality coatings only with hot drying.
The use of hot drying depends on the size and material from whigh the
prdduct is made. High temperatures accelerate the drying by several
fold and improve the film qhaiity. Hot drying on conveyof 11nes§1s par-
ticularly effective. The existing drying devices afe divided into three
types on the basls of the method of thermmal action: con#eétion heating
with hot air), thermoradiation (heating by thermal rays), and i duction
(heating by induction currents). In some cases the painted artiLle 1s
subjected to grinding and polishing using special pastes. With ;ime,
the lacquer and paint coatings deteriorate. Periodic treatment éf the
painted surface with special prophylactic pastes 1s rgcommended%lnvor?
der to improve service life under atmospherlic conditions. ' i' .
References: Drinberg A.Ya., Gurevich Ye.S., Tiknomirbv A.V., Tekh-
nologiya nemetallicheskikh pokrytiy [Technology of Nonmetallic ;oat- ‘
ings], L., 1957; Drinberg A.Ya., Tekhnologiya plenkoobrazuyushdﬁikh
veshchestv [Technology of Film-Forming Substances], 2nd ed., L.4 1955;
2193 '
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Organic Protective Ccatir 858, ¢oll. of articles transl. rrom Eng., M.-L.,
1959; Lyubiwmsv B.V. » Spetsial 'nyye lakokraaochnyye pokrytiya \ mashino-
stroyenii [Special Lacquer and Paint Coatings 1n Hachine chstruction] ’

"0 ‘I‘Q’ 1959 )
~ V.V. Chebotarevskiy .
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LACQUER AND PAINT COATINGS FOR THE ALUMINUM ALLOYS. Depending on
fhe type of alloy, the construction of the part, the purpose of the
item, the operational conditlons and other.factors, the protection of
the aluminum alloys and parts made from them from corrosion 1is accom-
plished by chemical or electrochemical oxidation, by oxidation and
painting (see Corrosion of the Aluminum Alloys). The most reliable me-
thod of protection 1s electrochemical oxidation in combination'with
painting, the latter often serving as a decorative coating as well. The
lacquer and paint coatings consist of a passivating primer, a passivat-
ing primer and finishing coatings, the lacquer coatings. The selection
of a particular lacquer or paint coating is determined by the type of
alloy, the oxidation method, the thickness of the oxide film and the
method of sealing of the film (in water or in chromate solution), the
usage of the item and the operational conditions. Complete isolation of
the protected surface of the meta” can be achieved only in the case
when the coating 1s fully impenetrable to gas and water. Cbtaining such
coatings 1s quite difficult, frequently it 1is necessary to apply a

-large number of layers to achleve this. But this weakens the adhesion,

makes painting expensive and increases the weight. The most reliable
protection of aluminum and other metals from corrosion 1is provided by
coatings consisting of primers with passivating pigments and outer in-
sulating 1ayefs. The 1nsulating layer serves simultaneously for decora-
tion. For aluminum and 1ts alloys the passivating pigments are zinc‘and
strontium chrome pigments, and also zinc tetraoxychromate. In addition

to the methods of paihtins and the nature of the lacquer and paint ma-

>
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terials, the form and the quality of preparation of the surface effect
the protective quality of the coating, other conditions being equal.
Obﬁaining strong coatings on aluminum 1s made difficult by the weak ad-
hegion of many lacquer and paint materials to the aluminum. As a result
of;this, the coatings applied to the metal without prelimihary pbepara-
tioh can easily delaminate under the influence of atmospheric or other
factors. Improvement of the adhesion of the coatings to the metal is
acgieved primarily by chemical or electrochemical oxidation. The oxide
film obtained by the chemical method has weaker protective propertles
and provides leég improvement of the bond with the metal than the oxide
tilm obtained by the electrochemical method. Sealing of the oxide fillms
in a bichromate solution improves thelr protective propertles and aids
in strengthening the adhesliorn of the coatings.

'All forms of coatings intended for the protection of the products
made from the ferrous and other metals are also suitable for the pro-
tection of aluminum and its alloys, with the single difference that on=-
ly the zinc chromate primer can be used for priming aluminum and, in
addition, usually fewer layers of coats are applied to aluminum and 1ts
alloys with the exceptlion of the cases of proteétion against the action
of various aggressive medla.

For products operating in atmospheric conditlons, use 1s made of
the aluminum alloyé which are.most resistant to corrosion. Depending on
the method of preparation of the surface, the following coating vari-
ants can be used. | |

1st variant. The detalls of the products are anodized either by

the sulfuric acid method with the formation of an oxide film no less
than 8 microns thick, or by the chromic acid method with an ancdic film
no less than 3-5 microns thick with subsequent sealing in water or a

potassium bichromate solution. Thanks to the relatively high corrosion
2196 '
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resistance of the anodic film, we can limit ourselves for external cur-
faces to'oniyflacquering'with fwo layers of 170-A lacquer or the 9f32r
and AS-82fla¢qdérs. Ih.contrast with enamel painting, which glves the
product a derinite color, the lacquer coating permits retalning thevme-
‘tél color. Ahiédequately atmospheric-resistant coating based on the
170-A Iacduer:(éwb coats) 1s formed after drying each coat at 70-80°
for M-S'houns. nying at normal temperature reduces the atmospheric re-
sistance of the coating considerably. The laéquer 1s applied by dipping,
brushiné'dr-spraying. The working viscosity of the lacquer applled by
dippiné is_i2¢16 seconds, whille that applied by spraying is 20-30 ce-
;conds; measured by the VZ-U4 viscosimeter. Thinning of the lacquer to
working #iscosity 1s accomplished using xylene or a mixture of xylene
with white spirit at a ratio of 1:1. The §-32f lécquer 1s quick drying.
It hés gbpé adhesion with oxidized dural. The adhesion and‘the gasoline.
‘resistanéé of ;ts coating increase significantly with drying at 80° for
no iéssrfhan 4 houfs or at 120° for 1.5-2 hours. To obtain better pro=-
tection,'two coats of fast-drying AS-82 lacquer, cold-dried, are ap-
Flied on top of the 9-32f lacquer. The coating based on the 9-32f and
AS-82 ;agéuers has high atmospheric resistancé but limited gasoline and
keroseﬁe resistance. The lacquers are applled using paint sprayers. The
lacquer 1s thinned to working viscosity (12-14 sec) with R-5. If the
producﬁ is to be color cdated, use can be made of atmospheric-resistant
enamels.~The'1nternal surfaces of products fabricated from clad dural
or the AMg.and AMts alloys and anodized using the sulfuric acid method

. with qxidé film thickness of 8-10 microns, or by the chromic acid me-
thod with filmé‘of 3-5 microns in thickness, can be coated either by
the indicated lécquers or by the enamels and can ve primed by the fol-
ldwing zinc'thomate primers: ALG-1, FL-O3Zh,‘ALG-14.or AT-3a. Detalls
fabricated from unclad dural and used inside the product are oxidized
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and covered with zinc chrométe-primer, while produéts which reqdire a
decorative finish are codtéd-wifh two layers of glyptal or other enamel
after priming. ' S | |

and variant. The parts are anodized in a sulfuric acid solution or

are chemically oxidized with the formation of a film 3-5 microns thick.
The protective properties'br-the 3=5 micron anodic f£ilm are considera-
bly less than the 8-10 micron thick f£ilm. -

“To obtain reliable protection_oh the exié}ibr'surface, there 1s
applied a hct-dried coat of ALG-l primer or AG-3a, or ALG-14 or FL-03Zh
and thenvtwo coats are appiied of thé same enamels as used in the 1lst
variant. The 1nterior‘surfaces aré'protected Just as in the 1lst variant
with the exception of the lécquering. In this case a single lacquer |
coat 1s not sufficlent for protection.

3rd variant. The details'ire not anodized nor chemically oxidized.

Protection 1is provided by meaﬁs of épplication of one or two coats of
zinc chromate primer and two o:,thre; layers of enamel.rIfra decorative
finish of the internal surfaceé is not required it 1s possible to limit
'odrselves to two primer coats}fThis variantAof‘the protection is weaker
than the first and second variénts. |
In order to give parts anA‘instrumehts made from the aluminum al=-
loys an attractive external appearance, use_is.made of varlious decora-

tive coatings, for example, the "crackle" lacquers, "frosted" lacquer,‘

"moiré" enamels, hammered finishes, etc. To obtain the "frosted" coat-

ing use 1is made of the oll-base 1acq§er 331 (TU MKhP 1045-43), and to
obtain the "moiré" coating use 1is maée of the so-called moiré enamels
of various éolors. Prior to'the,appl cation of the 331.1aéquer the sur-
face 1s palnted with one or.twb coat _of'oil-baSe or glyptal enamel and
dried at 75-80° for 4 hourél Then the surface is polished with a fine
abrasive"cibth after which the lvaQér 1svappli§d. To foﬁm a pattern
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the lacquered part is placed for 25 minutes in a drylinr chamber at a
temperature of 55-65° in which there is created an atmosphere saturated
with the products of incomplete combustion of kerousene or 1lluminating
gas. The nature of the pattern obtained depends on the lacquer viscesi-
ty, the thickness of the coating applied, the drylng rcerlme, ctec. After
the appearance of the pattern, the lacquer coating is malntalned at 15-
25° for 24-36 hours. Prior to finishing with the "mcire" enamel, an cll-
base or glyptal zine chromate primer 1s applied. The dimension of the
pattern (texture) depends on the enamel viscosity and the thickness of
the layer applied. Drylng of the coating 1s performed in two stages:
first the pattevrn is "developed" by heating for 25-40 minutes at 75-80°,
then the film 1s given a final drying and flxing with exposure for 2
hours at 150-160° for enamels of dark-gray color and black color and
with exposure of ﬁo less than 4 hours at a temperéture of 75-80° for
the clear enamels and at 90-100° for the brown, blue and red. The
"moire" coating covers small surface defects quite well.

The hammered~finish coatings of various colors find wide applica-
tlon for decorative finishing (see Hammered Lacquer and Paint Coatings).‘

The protection of the aluminum alloys from attack by chemical re-

agents 1is accomplished by chemically resistant coatings (see Chemically

- Resistant Lacquer and Paint Coatlings), and protection frcm attack by

various forms of fuels and olls is providéd by the ga;-kerosen-oil re-

sistant coatings (see Gas and 011 Resistant Lacquer and Paint Coatings). 
Cast detalls made from the aluminum alloys are 1mbregnated with

lacquers under pressure in order to f1ll the pores. For this purpose

use is made of the bakelite lacquer (GOST 901-56) and the 101/19 primer-

enamel (TU'MKhP 1573-47). Prior to impregnation the detalls are de-

greasted, heated to 70-80°, loaded into a basket and placed in a tank'

in which they are held for 10 minutes at a vacuum of 580-660 mm Hg. Af-
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Drying of the 101/19 primer-enamel is performed at 175° for 2.5 hours.

II-H7KS |

ter this the impregnating lacquer or enamel whichihas been'preheated to
50-65° 1s admitted to the tank, air is pumped into the tank to create a
pressure.of up to 4 atm. which is maintained for 10 minutes, after

which the bressure is réduced to normal, the basket with the detalls is

removed from the tank and the excess lacquer or enamel 1s allowed to

drain ou%. Drying of the 101/19 primer-enamel 1is allowed to draln out.

The bakglite lacquer 1$ subjected to multistep drying with initial ex-
posure to 12-20° for 1.5 hours, 20-100° for 2.5 hours, 100-130° for 2
hours, and finally 130-150° for 2 hours.

I.I. Denker
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LACQUER AND.PAINT COATiNGS FCR fHE MAGNESIUM ALLOYS. The most com-
mon method for the protectién_of the ﬁagnesium alloys from corrcsion
(see Corrosion of the Magneéium Alloys) is that of painting. Protecticn
presents considerable difficulty;“with penctration of moisture under
the lacquer énd palnt coatings thefe are formed on the surface of the
metal hydroxide compounds of anvalkéiine nature which, actinc on the
film, hydrolyze and destroy it,ﬁwﬁich leads to ioss of adheslon. Reduc-

| tion of tﬁe chemical activity of the magnesium allcys 15 ncliteved by
oxidation and the use of primefs. The oxlde fllm prevents dlrect cun-
tact‘of the lecquer/paint coating films with the metal surface and’
simultaneocusly improves thelr adhesion to the metal surfacé. The pro-
tectlion provided by the lacquer and paint coatings for the magnesium
alloys amounts to the followlng: the priming coating must have passivat-
ing propertles, good adhesion‘arﬁ résistance to the alkallne corrosicn
products. The outer enamel coats must have-minimal water penetrability
and sultable physical and mechanlcal properties. As pigments in the
priﬁers, use is made of the zinc or strontium chromes and zinc tetra-
oxychromate, whlch dissoclate when molstened, with the formation of the
chromic acid ion, which 15 a strdng oxldizer capable of passivating the
metal. Such pigments és red lead, zinc dust, aluminum powder, chrome
yellow and others accelerate the corrosion process. The lower the water
penetrance of the outer enamel coat, the better the anticorrosion pro-
tection. The surface to be painted must be clean and smooth. Fluxes are
removed by sand blasting, boillng 1n_é.soda solution{ washing in cold

water, processing 1in a solution>of‘chrom1c anhydride, rinse in hot wa-
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ter, and drying. Oxidation 1s performed after the final mechanical
working. ?or details of lst and 2d acocuracy classes, use is made of
special solutions which do not alter the oimensionswor the details.
Priming 1s performed no more than 24 hours after oxidetion. The followe
ing primers are used: alkyd ALG-7 aAa epoxy EPOIT with baking at 100-
150°; acylic primer AG-10s with cold drying which has good protective

properties also on the non-oxidized magnesium alloys, which permits its

use for repair of coatings under .fleld conditions. The thickness of the

£ilm when using a two-coat coverihgvof the alkyd and epoxy primers is'
30-40 microns, when using the acrylic primer it 1s 14-20 microns. The
first two primers are combined with the'alkyd, phenol-melamine, poly=~
urethane and perchlorvinyl enamels. The acrylic primer gives very ef—v
.fective protection in combinatioh with the perchlcfvinyl or epoxy ena-
mels. The thickness of the coating consisting of two coats of primer
‘and'one-two coats of enamel is 56-60 microns. This coating is suitable
for use in tropical conditions. Detalls made from the magneslum alloys
which are subjected to long-term exposure to,gasoline, Kerosene and
molsture are protected over the oxide film by polyvinyl butyrai lacquer
of theiVL-?ES type. The thickness of the three-coat covering 1s 25;30
microns. The hcat resistance of the listed coatings are: perchlorvinyl
system to 100°, others to 200-250°. The high-temperature magnesium al-
loys are protected using the type K-3 silicone enamels. The systeq_copfww;
'sists of two coats of enamel containing a chromate pigment and two

coats of green color enamel. With a thickness of 60-80 microns, the
coating.withstands long-term heating to 350° and periodic cooiing to
minus 50°. Most vulnerable with regardvto corrosion are the piaces of
Joining the magnesium alloy with other_metals which have a hore posi-
tive potential than the magnesium alloy (aluminum, copper and iron al=- -

loys, nickel, lead, silver, etc.). Contact corrosion is prevented by
2202 |
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the creatlon of a continuous layer of the lacquer/paint coafing which
- prevents direct contact of the uniike metals. Parts thch have a tight
rit (bearing races, inserts, etc.) are processed as follows: steel
parts are cadmium plated and passivated, bronze parts are zinc plated
and passivated, aluminum parts are anodized, brass parts are tin plated,
etc., and are installed on a fresh, undried coat of chromate primer.
Varicus gaps and spaces where dust and moisture can collect, sharp ed-
ges on which the fi1lm of the lacquer/paint coating 1is sub jected to ac-
celerated wear are also danger spots. To provide the maximal possible:
insulation from molsture, bolts, nuts, grounding terminals, etc., are
covered with a dense layer of a waterproof coating (epaxy or polyure-
thane primer with subsequent painting with a suitable enamel). Welded
parts which‘are fabricated by electric spot welding from sheet magnesi-'»‘
um alloy, thanks to the absence of an oxide film, require specially_ |
careful protection in the region of the weld spots. Welding is perform-
ed using fresh chromate primer. The primer 1s distributed as a thin.
uniform layer In the weld seam and protects the inner side. The outer
side of the seam 1s mechanically cleaned of the oxide traces in the;re- ”
gion of the weld spots, 1s primed with two coats of acrylic primep.ana
is painted with perchlorvinyl or epoxy enamels. Parts madevfrom.thei '
magnesium alloys and protected by oxide and lacquer/paint coatings are
usedvfor 5-7 years without corrosion damage. ‘
Reference: Drinberg A.Ya., Gurevich Ye.S, Tikhomirov A.V., fekhno-
logiya nemetallicheskikh pokrytiy [Technology of Nonmetallic qdaﬁiﬁés],j'
L., 1957. | ’
V.vV. Chebétére?skiy. 
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LACQUER AND PAINT COATINGS FOR THE TITANIUM ALLOYS. The usual lac-

qqer/pain;mcoatings have poor adhesion to the surfaces of the titanium

alloys, therefore prior to decorative painting the surface 1s first
subjected to hydro sandblast cleaning'o? etching in nitric,_hydfochlor-
ic acids or in a solution of chrémium énhydéide.'On the prepared sur-
face there 1s applied the VL-02 poly§1ny1 butyralic mordant etch or
primer or the ac¢rylic AG-10s primer; palnting is done with the type
PKhV or KhV perchlorvinyl enamel, type FL-76 phencl-butyric enamel or

the type E-5 epoxy enamel. See Corrosion of the Titanium Alloys.

V.V. Chebotarevskiy
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LACQUER AND PAINT COATINGS FOR STEEL. For the protection of steel
from corroslon, use 1s made of the lacquer and paint coatings (see Cor=-
rosion of Stailnless Steels) whose properties and decorative appearance
afe determined by the'quality of the preparation of the surface. It is
particularly important to provide good bonding (adheslon) of the coat-
ings with the surface, which 1s achieved primarily by the application
of the coatings on rough and carefully degreased surfaces. The surface
roughness 1s provided by hydroJjet, shot dblasting, sand blasting treat-
ment of the surface or by metal-pellet blasting. The selection of the
coating, the primer and the filler 1is detgnmined by the purpose of the
parts and articles and by their operation conditions. If the coating 1s
required to have high decorative qualities, then the technological pro-
cess of painting 1nclu6es priming, local and overall filling, grinding,
applicafion of the outer coating layers and polishing. For protective
coatingé it |1s sufficlent to apply 2-3 coats of paint of suitable qual-
ity. Primi : of the steel surfaces 1s accamplished using primers in-
tended for éhe ferrous‘and nonferrous metals. The lacquer and paint
coatihgs fiqd widésf application for the protection of steel articles
or stnuctur;s from atmospheric attack. The followilng types of coatings
are used foristeel articles and structures: atmospheric resistant (see
Atmoépheric Fesistant Lacquer and Paint Coatings); chemically resist-
ant (see Chébically Resistant Lacquer and Paint Coatings); gasoline and
oii'resistan¥'(see Gasoline and 01l Resistant Coatings Lacquer and
Paint); heatgresistant (see Heat Resistant Lacquer and Paint Coatings);

water‘re51st$nt and moiétu:e resistant. The water and moisture resist-
‘ ' 2205
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ant eoetings are used for the protection of structures and articles

' used in the water and under conditions of high humidity. For protecticn

frem hot wafer, pae 1s made of the epoxy primer-filler (type E-4021)
?5”end the epoxy enemels, for protection from cold water use is made of
n -the bakelite and bituminous enamels and red lead over naturalvlineeed
.’011, for protection against high humidity use is made of the Khv, PKhV
‘,,fand KhSE perchlorv;nyl enamels, the VKhE enamels, the phenol-formalde~ -
_"hyde enamels and others. ' '
.,} References: Drinberg A.Ya., Gurevich Ye.S., Tikhomirov A.V., Tekh-
“nologiye nemetallieheskikh pokrytiy [Technology of Nonmetallic Coat-
ings], L., 1957; Lyubimov B.V., Spetsial 'nyye lakokrasochnyye pokrytiya
v maehinoetroyenii [Speclal Lacquer/Paint Coatings in Machine Construc-
tion], M.-L., 1959; Stochik G.F., Tekhnologiya lakokrasochnykh pokrytiy
~ v mashinostroyenit [Technology of Lacquer-Paint Coatings in Machine
- Construction], M., 1950; Korzin N.V., Gurevich Yu.M., Ioshpe M.L., LM 1
IP, 1961, No. 5, p. 67-68.
I.I. Denker
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LAMINATED STEEL refers to mill products and articles made from
steel in the form of two or more layers differing in composition and
properties. We must differentiate laminated steel from the steel mill
products and articles with layers differing in composition and prop-
erties which are obtained in an initially homogeneous stock by ther-
modiffusional methods (cementation, nitriding, decarbonization, etc.)
or by special heat treatment (surface quench and tempering, different-
ial tempering, etc.). Laminated steel finds application in the form of-
two-layer, less often three-layer, sheet and profiled rolled stock; in
certain, generally experimental, operations use is made of five-layer
rolled stock or even more layers. = ' '

Laminated stee} makes 1t possible to economize on the alloy steels.
In many cases, when special properties are demanded of portions of the
volume of an article, for example corrosion resistance of the surface
layers, high hardness of the surface, wear resistance and other special
properties which are provided by complex alloying, it is advisable to
make use of laminated steel with a rélatively thin layer of the complex-
alloy stecl and the rest of the volume made up o general-purpose steel, -
Other problems which cannot be resolved with the use of uniform metal
can be solved with the use of laminated steel, for example, provide
high structural strength of an article (which cannot be accomplished by
making it from brittle steel of high hardness) by combining and hard
surfuce layer and high-strength, ductile basic metal; 1t 1is a;so pos-~
sible to increase the specific strength of stainless steel by combin-

ing it with high strength steel which is not corrosion resistant, and
2207
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. There are'varioﬁs methods of pioducing laminated steel. The meth~-
ods most ﬁjdely used are casting, surfacing_and‘rblling. In casting,
an ingot with two or'more layers 1is formedlwhiéh is later rolled out
into piate, sheet or strip. The layefed'ingot is piepared by casting
into a mold in which there have'been placed blanks of steél of a dif-

ferent grade which bonds with the 1iquid metal used to fill the mold.

The layered ingot may also be prepéied by éimﬁltaneous or sequential
pouring of steels of two grades into a mold whiéh.is divided into two
sections by a partition (temporary or soluble) made from soft steel
sheet. Various arrangeménts are known-for casting the laminated ingot;
the most typical of these are showh:;n Fig. 1. ‘

'[y

Fig. 1. Typical arrangements for casting laminated ingot: 1) soft
steel plate; 2) filler of hard steel'éhard layer%' 3) filler of hard
steel; 4) soft steel plate; 5) layer to improve hermal regime (re-
moved later); 6) double casting of two two-layer ingots; 7) filler of
hard steel lhard layer); 8) soft steel plate; 9) ceramic interlayer
preventing welding of ingots; . 10) soft sheet-steel barrier; 11l) pour-
ing of first layer; 12) pouring of second layer; 13) sequential layer=-
by-layer casting. L

The common characteristic of theée-methods is the provision on the

boundary of the liquid and spiidimeﬁgls'of a thermal regime adequéte

for uniform welding, but eliminatibg ¢old wels, premature melting of th

the barrier, nonuniform or}éXcéssiye'fﬁsion of the stock introduced

into the mold, and other_bqndihg defects of the ingot layers. A prom- .
. 1sing method 1s that ofvcbptiﬁuqﬁs"éaétingqu‘two-layer,steel. It is

also possible to ﬁse centrifugél;léyer-byelayer casting.
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In surfacing a rolled substrate with surface which haé been pre-
pared by'mechanical yorking, the electric arc method isvuscd to apply
a layer of steel of a different grade. The most promising method for
forming this la&er 1s that of electroslag welding.

Fig. 2. Schematic of Joining blanks using soft iron powder: 1) Blanks
being laminated; 2) interlayer of iron powder; 3) fillet weld after

forging.

To obtain laminated steel by rolling, use is made of the method
.of packet rolling with an interlayer of dbraze or flux in some cases.
The thermal regime and the degree of deformation are specified as a
function of the steel composition and the required strength of the
bond. A very effective method of Joining blanks with panel rolling is
that of placing between the blanks of layer of iron powder whose thick-
ness is 5-10% of the thickness of the blanks (Fig. 2). After forging,
a fillet weld of the edges of the blanks is made and then rolling is
performed using the usual regime for the steels * ng Joined. Duriag
the rolling prbcess the powder particles are sintered with'one another
and the surfaces of the steel blanks are bonded'wifh formation of a
layer of soft steelrbetween them. Use of lamina rolling with the pow-
der method permits (as a result of the presence of the internal plastic
layer) improving the plasticity and impact strength of the high
strength steels (cb = 180 kg/mm2 and higher), reducing their sensitiv-
ity to stress concentration, and also reducing the loss of plasticity
and impact strength with transition to low temperatures.

N.M. Sklyarov
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~ LAMINATED WOOD PLASTICS (delta-wood, balinit) — materials made

from veneer sheets of wood, impregnated by a resol-type resin, which

are obtained by hotpressiﬂg in multi-étavied hydraulig presses under

a high gpecific pressure. In Germany these laminated ﬁbod plastics

are known under the name lignofol, in Englénd they are called hydui;g-
num and in the USA they.are called compreg. The 1am1naﬁion'of the struc-
ture and the regular position of thin veneer sheet layers substantially
reduce the effect of local defects of the wood and the anisotropic

character of its properties, ensuring the obtaining of léminated wood

. plastics‘with the specifled high physicomechanical properties. The in-
W dﬁé£iprroduces laminated wood plastics in the form of short and long

sheets and plates, fhe former from i to 8 mm thick, the latter from 10
to 60 mm thick and of multifaceted blanks 15-60 mm thick. In addition,
products of intricate shape are produced from "erumbs" of pulverized,
resin impregnated veneer sheets and veneer sheet strips by hot pressing.
The mechanical, electrical insulation and physical propertles of lamin-
ated wood plastics depend on the thickness, moisture ccntent and strucQ
ture (direction of fibers in adjoining layers) of‘the‘véneer shéets,

the moisture content of the impregnated veneer sheets and the final

moisture content of the wood plastic material,bthe nature and content

_of'the resin, quality of impregnation, pressing regime (temperature,

pressure, holding duration), on the nature of the wood, density of

_structure and the presence of preliminary chemical treatment of the

veneer sheets, the degree of fiber cutting on éhelling, ete. The high-
est qualities of laminated wood plastics are ensured by birch veneer

2210




/cme, the temperature is 150 + 5° (for laminated wood plastics with

de=ll Ul

sheets. For certain brands of laminated wood plastics, of wh;cﬁ bérti-

cularly high mechanical properties are not required, use:is made.of

beech, pine, and'in individual cases also of linden. The tinalfstrength
and the degree of anisbtropy of mechanical properties qepgndasubétaq-
tially on the thickness of the veneer sheet and on 1ts position 1h;the t
stack before pressing. The use of thinner veneer sheets suﬁé;aﬁt;ally
improves the mechanical properties of laminated wood plastics. The
highest specific strength in tension and static bending is obfaiﬁed by
using 0.&-0.5 mm thick sheets, and in compression it is achiéﬁed by
using sheets 0.35-0.4 mm thick. A reduction in thé wear of laminated
wood plastics 1n'friction across the veneer layers 1s also'gchieved
by these means. Thus, when thé veneer sheet thickness is 1ngreased.from
0.3 to 1.2 mm, the volume wear in the friction nodes 1ncreg§eé by ap-
proximately a factor of 30 (from 20-1073 to 6001073 mm3). .

Laminated wood plastics used for structural purposes are made from
veneer sheets with a thickness of 0.55 and 0.75 ¢ 0.05 mm. Alcongside
with the veneer sheet thlcxness and 1its microstructure, theuﬁroperties
of laminated wood plastics are substantially influenced b&.the nature'

of the resin and 1its content in the material. When the resin content

is 1ncréased to approximately 20%, the compression and tensile strength

increase; the clgaving resistance 1s also improved and the volume swell-
ing and water absorption are substantially reduced. An 1ncrea§ed (38-
-43%) resin content reduces the tensile and statlic bending strengths,
the modulus of elasticity and the impact ductility. When the spe¢ific
pressing pressure‘is increased to approximately 100-125 kg/cma,.the
specific welght of the material changes and‘the mechanical and physical
properties of laminated wood plastics are improved. Usually the §pec1-

fic pressure used in producing lamirated wood plastics is 100-125 kg/

L - ‘<
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uaﬁer aolubie resins it 1s 145 # 55) the duration of holding under the
press 1s 4-5 minutes per mm of thickness. The veneer sheet, as a re-
sult of chemical treatment i1s condensed by 30-35% and its strength 1is
substantially 1ncreased; o | |

Shaped and formed-in-a-single-plece laminated wood plastics are

made in form of products of intricate or simply shaped form from press-

ed crumbs by pressiag in heated molds at an elevated or high specific

_pressure. Components pressed in a single plece, for example, weaving

equipment components, are made from a combination of the above pressed
materiais. The resin content in the veneer sheet depends on its thick-

ness, intended use and the complexity of the product shape and usually

varies between the 1limits of 18-25% and 25-30%, and the specific pres-

sure in pressing varies between the limits of 110-125 kg/cm? for the
simple and 400-800 kg/cm2 and more for the more complex product shapes.

,7¢Thempgg§§edmpgump§,grergguglly preformed. Shaped products are made

with a variable specific welght and strength, on the basis of the magni-
tude of stresses and the design. features of the prbducts, for example,
blanks fof propeller 51ades. This i1s achieved by placing a different
number of veneer sheet layers in the gi?en cross sections and pressing
the articles in hot molds to the necessary thickness and required
shape. Laminated wood plastics have sufficiently highly physicémechani-
cal properties, which 1is preclsely the reason why they are extensively
used 1n the aircraft, electrical equipment, machine-~-tool buildinguand
textlile 1ndustr1es. The mechanlcal properties of laminated wool plas;
tics depend on the moisture and temperature. The gréatest effect 1s
exerted by moisture on the compressive and static bending strength, and
on the impact ductility, while it has a lesser effect on the tensile
and on cleaving along the glued surfaces. To prevent from moisture ab-
sorption, the ends of the material after cutting and the open ends of
2212 a
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structural elements made from laminated wood plastics are protected by
a 45-504 alcohcl solution of bakelite lacquer or by another water re-
sistant coating. This ensures an operating moisture content of ~5.5-
~7.0%. The effect of temperature on the mechanical properties of lami-

nated wood plastics 1is characterized by data presented in Table 1.

TABLE 1

Effect of Temperature on Holding for 100 hours at a tempera-~
the Mechanical Properties '

of Laminated Wood Plastics ture of up to 140° after the perfectly

3 Tewnepatyps () dry welght 1s achleved practicallydoes

CuoflcTus L} e T e
~sol—40] 0 ( 20 | 40 r.‘m(l

not reduce the tensile and compressive

',Pn-rnmﬂme RA0TR .
c):«:.:ﬁ»eo:lé-::r:o:‘; 117 113f1eefroo] 9] 814 co
e R L R KT strength of laminated wood plastics.
§ CKaamBaKute no
. crekre (x:'a?) | 83] 83] 9tivrfuul 63] 58
5 Cvopnany (e sy | 119] 112lsosf1unf wof ns| 0 The effect of variable temperature
¥R y.apHAR Bsa-
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(ke conca’) «oe o 11THLIT]10910C 141 6L 48 and moisture on the various properties
-~ 1) Progerties, 2) tempera- of laminated wood plastics varles and
ture (°C); 3) tension z-
long the fibers (kg/cm<); depends on the nature of the binder and

4) compressiog along the
fibers (kg cm 5) cleav- 1ts quantitative content 1n the plastic
ing along thé glued sur-
faces (kg/cm ; 6) cleav- material., Laminated wood plastics with
1n§ 1n the material (kg/

; 7) specific impact alcohol-soluble resins as a base have a
ductilityain bending
(kg -cm/cm=). sufficiently high resistance to the ef-

fect of variable temperature (from —55°
to +60°) and moisture. Prolonged (for a2 year) holding of laminated wood
plastics in water results in reducing the impact ductllity and ductil-
1ty and ultimate static bending strength in the wet state by 50%. Grad-
ual drying resto-cs to a substantial degree the mechanical properties
of the material. A.shortcoming of laminated wood plastics 1s swelling,
since 1t brings about changes in the shape of structural elements. The

01l and gasoline resistance of laminated wood plastics is quite high.

The 1limiting oll absorption does not exceed 2% and the attendant swell-
ing reaches 0.4%. 011 absorption by the materials is used for creating
2213
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gelf-lubricant bearihgs which operate more erficiently than with water
ludbrication. Lamingtgd vwood plastics_practicallé'do not absorb gaso-
liné, kerosene or giesel-oil. The thermOphysiéal'properties of lami-
nated wood plastics vary depending on the structure, the material's
density, the resin content and other factors. Thq termal'conductivity

varies between the 1limits of 0.21-0.26 kéal/m-hour-°0, the specific

'heat varies from 0.37 to 0.57 kcal/kg.°C. The temperature resistance

of laminated wood plastics is insufficient; being submerged in heated
transformer 911 they practically cannot withstand temperatubes in
excess of 100-115’, at higher temperaturéé small cracks form in the
ends and the material increases in thickness to 0.5%; low temperatures-
also affect laminated wood plastics, e.g., aféer molstened articles |
are beld for 30-70 days temperatures up to —=50°, the dimensions change
by 0.5-1.0%. The chemical resistance of‘lamiﬁﬁted wood plastics and
theif stablility when aéted upon by agfessive media depend on the nature
the bihder, its content in the plastic, depth of impregnation, complete-
ness of the resin's polymerization, density of the structure and design
of the structure and desigh of the laminated wood plastics, as'well on
the preliminary treatment of the veneer sheets. The chemical resistance
of' laminzted wood plastics gfter'being held for 1000 hours at 10° in
100% acetic aldehyde and at 20° in 100% oleic acld, transformer oil,
butyl alcohol, styrene,'is good; in 10% soluticn of calcired soda,
methyl alcoholrand sodium silicate 1t 1s satisfactory. The material
cannot resist higher alcohols {(at the boiling temperaturé for 500 hours)
and solutions of a 5% concentration of potassium persulfate and ferrous
sulfate. Laminated wood plastics are weakly;resistant to hydrochlorice
ac;d and even more subjJected to swelling and failure in a caustic soda
solution. The chemical resistance of laminated wood plastics becomes

substantially lower as the temperature 1s increased 1in conJunctidn with

2214
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which temperature limits have been established for the use of products,

such as: in hydrochloric acid up to 16%, in glaclal acetic acid up to
60°, in diluted formic acid up'to 20°, in mineral o1l up to 80°, in
ethyl and butylacetatés (with an acid admixture) up to 36°, in methyl
alcohol (with an acid admixture) up to 20°. To improve the chemical :

resistance of laminated wood plastics they are made (for example, DSP-F)‘

from pine veneer sheets 0,4 - 0.5 mm thick, imprggnated under pressure
so that 1t contains up to 50 - 60% of phenolform#ldehyde resin. In indi-
vidual cases the chemical resistance of laminated wood plastics 1s
limproved by preliminary impregnation of the veneer sheets by chemically
resistant substances with subsequent gluing it together by another
binders. The wear reéistance of laminated wood plastics depends on the
‘properties or the material with which it 1s mated and the specific
pressure. Thus;.together with low-tin bronze (BrOTsS 5-5-5) the wear is
less than, for example, with BrOTs 10-2 bronze and it is at minimum on
contact with stainless steel. The wear resistance of laminated wood
plastics in cémparison with bronze is lower by a factor of 6 — 15.
Under a specifié pressﬁre of 75 kg/cmz, water lubricatiqn, peripheral
‘slidinglépéed cf 2.5 m/sec and a path equal to 25,000 m, the wear com-
priseé 0.05 — O.llmm.'Bearings from laminated wood plastics do not form
scratCheS'on the rubbihg surfaces of shafts and even polish them, reduc-
1né-the.fr1ction coefficlient with time. Laminated wood plastics have
high antifriction properties, which depgnd bn the design of the mater-
1a1,.spépif;c pressure, flow rate and type of lubricant (water, o11),
sliding rate, type of rubbing pair, etc. When the coefficient of fric- _
tion'éf the méterial is 0.002, the specific pressure 1is 250'kg/cm2 and
the s1iding velocity 1s 4.55 m/sec, the water flow rate comprises 0.08
m3/ﬁin perjl'éma of sliding surface. The friction coefficlent in dry

rubbing ‘over steel for sliding bearings made from laminated wood plas-
o - 2215
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tics 1s higher than with nster lubrication. The friction coefficient
of laminated wood plastics without lubrication is equal_to.o;Q - 0.26,
when lubricated with lubricant grease 1t 1s 0.02 — 0.05, 1liquid ofl 1t
18 0.1 = 0.06 and with 'Qater 1t 1s 0.008 —~ 0.004. As the specific
pressure and sliuing speed increase, the triction coefficient first
decreases and then slowly increases, here as the specific pressure is
increased the reduction in the ‘friction coefficient is first rapid and
then slows down. The start-up torque and the start-up friction coeffi-
clent in the case when bearings from laminated wood plastics are used
are.substantially higher‘tnan for bearings from antifriction alloys and
increases on water iubricstion. Of substantial importance is the loca-
tion of the 1aminated wood plastic 'in the bearing lining relative to
the shaft Journal. The highest results'with respect to the friction CO~-

efficient and wear,areiobtained when the material 1s located at the end,

not:flat. The dielectric properties of laminated wood'plastics depend
on the material's resin content its molsture content, veneer sheet
thickness, the surrounding temperature, density of the laminated wood
plastic's structure, etc. Of substantial importance also is the direc-
tion of the electric field intensity vector. Thus, in the case when it
coincides with the pressing direction (across the layers), the indica-
tors of surface and volume resistivity practically are not inferior to

11 412

=10 lohm-cm and after the

material is moistened for 48 hours they are only slightly reduced. The

average breakdown voltage of the electric field of laminated wood plas-

tics across the layersl(perpendicular to the pressing plane) is by ap-

- pr- imately a factor of ten greater than ‘the breakdown voltage along

“the wood.fibers. The dielectric losses of various brands of laminated

wood plastics are practicelly independent of the direction of the elec-

tric fleld intensity vector relative to the material's fibers. The die-
' 2216
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lectric permittivity (e) of laminatcd woed plastics 1s usually within

2%

the limits of 6.7-7.9, and the tangent of the dielectric losses angle
(arctan &) varies between the 1limits 0.038-0.068. ,
Table 2 (page ') glves tpe nominal dimensions, intended service

and flelds of application of laminated wood plastics. The physiomechan-
ical indicators of laminated wood plastics can be found in GOST 8698-58
and 8697-58.

. References: Sheydin, I.A., Smirnov, A.V. and Demidova, L.A., Tekh-
nologiya drevesnykh plastikov (Wood Plastic Technology), Moscow -
- Leningrad, 1956: Plasticheskiye massy v mashinostroyenii. Sbornik tru-
dov Ural'skogo soveshchaniya po plastmassam (Plastic Materials in Ma-
chine Bullding. Collection of Transactions of the Ural Conference on
Plastic Materlals, Moscow, 1955; Genel', S.V., Drevesnyye plastiki v
tekhnike {Wood Plastics in Technology),'Moscow, 1959; Rabinovich, A.L.
and Avrasin, Ta.D., O mekhanlcheskikh kharalkteristikakh nekotorykh slo-
isttykh plast-kov v svyazl s prochriost'yu boltovykh 1 zaklepochnykh
soyedineniy (On the Mechanical Characteristics of Certaln Lam;nated
Plastic Materials in Connection with the Strength of Bolted and Riveted
Joints). In the collection: Steklotekstolity 1 drugiye konstruktsyonnyye
piastiki (Glass Textolites and Other Plastics Used as Materials of Con-
struction), Moscow, 1960; Spravochnik po mashinostroitel'nym materialam
(Handbook of Machine-Bullding Materials), edited by G.I. Pogodina-
-Alekseyeva, vol. 4, pages 148-56, 1960:

Ya.D Avrasin
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Nominal Dimensions of Laminated Wood Plastics, their
Intended Service and Main Flelds of Application *
‘ '-ll
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* The letter designations point to the field of appli-
cation of the material: a) aviation; e) electrical
equipment; m) machine building; t) the textile indus-
try.

1) Brand; 2) length (mm); 3) width (mm); 4) thickness (mm); 5) form in
which the material is supplied; 6) intended service and the main fields
of application; 7) DSP-V; 8) and; 9) short sheets; 10) sheets, as a
structural skin material, as well as for the making of various struc-
tural components, equipment, as a replacement of PT and PTK textolites,
'V Getlnaks, in shock absorber liners, in nodal and bolted Jjoints of
wooden structures, etc.; 11) DSP-V-e; 12) short and long sheets; 13)
short and long plates; 14) plates for structural components; 155 DSP-A;
16) short plates; 17) for products to be used in atifriction designs
(deadwood sleeves in shipbullding, bearing liners); 18) DSP-B-m 19) DSP-
~V-m; 20) as self-lubricating materials in various machine building
branches where lubrication is difficult gsliders of timber-sawing
frames, guldes of friction subassemblies); 213 DSﬁéB, 22) DSP-B-a (del-
ta-wood); 23) (with a calibration each 100 mm); 24) as a material for
the construction of aircraft power components (blades of wood-composite
propellers, reinforced bulkheads, wing cantilevers of light-engine air-
craft, etc.) and power products in other machine-building branches;

24a) the same as above; Z5) for components of designs or for components
used as insulation (components of apparatus and electrical machinery,
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transformers, o1l switches, ete.), which work in oil or air under mod-
erate stresses and at temperatures from -40° to +105°; 26) DSP-B-t; 2;)
for machine components in the textile industry (for loom shafts, etc. );
28) Dsp-g; 29) multifaceted blanks with an inscribed circle diameter
from 600 to 1000+50; 30) multifaceted blanks: 31) for gears and as an
antifriction material for bearing liners; 325 DSP-G-m; 33) self-lubri-

cating antifriction material (sliders of wood sawing frames and similar
machine components), - _
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-LANON 15 a synthetic hetero-chain fiber made' from polyethylene

terephthalate. It is produced in the GDR in theﬁfbpm of ordinary and
~high-strength filamentary thread and stap1e fiber (matte finish or

painted). For properties and application see»Polyester Fiber.
) , . E.M. Ayzenshteyn

2220




P

-

II-111k

LAPIS-LAZURE - see Lazurite.

2221




LASER MATERIALS are materials used in quantum optical generators
(1asers) as the actlve medium in which the generation of the light is

performed directly. Solids, gasés and IIQdidsyare used as laser mater-
ials. An external source of energy 1s used to transform the atoms of
the active medium into the excited state in order to obtaln generation;
1f we provide the conditions undér which all the excited atoms are si-
ﬁultaneously returned to the normal state, then the energy thus re-
leased will be radlated in the form of a powerful monochromatic beam of
visible or infrared light. To provide for generétion it 1s necesséry
| that the optical spectrum of thé active medlum have certain quantum-
mechanical properties, since the generation of the 1light 1is possible
only as a result of the transitions from the excited metastable state
into a state with a very short ;1fetime. The active medlum c¢an be solid,
iguid or gaseous. ' |
The gaseous active medlium 1s a mixture of two gases; under the ac=-
tion of an external electrical high-frequency discharge the atoms of
one of the compoenentsvof this mixture are excited and by means of
v thermal collislons increase the energy of the atoms of the second com-
conent; the latter, returning to the normal state, radiate light with
. the linear spectrum characteristic for the atoms of the second compon-
ent. Thus, 6ne of the components of the mixture participates in the
"pumping" of the external energy, while the other 1is used'directly for

the generation. Therefore, in the selection of the mixture it 1s neces-

sary, ia addition to othcr conditions, to provide the conditions for.

{  effective "pumping" (for this the utilized'excited states of the atoms
2222
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.of'botb‘components‘must be characterized by similar energy values).
.-w1dest'abblication has been made of a mixture of helium and neon with
~‘part1a1 pressures of 1 and 0.1 mm Hg respectively; use 1s alsé made of
a miitqrézof mercury and krypton vépors.

. Thé-édlid active medium consists of a crystalline or amorphous
substancé’in which there are "dissolved" in small concentraticns (of
the order of fractions of a percent) péramagnetic ions of a dopihg Sub~-
"stancé;.light generation is obtalined by exciting these ions. Presence
6f‘qthgr'1mpur1ties hinders the generation, and, therefore, th2 materi-
:al'is"subJected to careful purification. As solvents use 1s made‘of:
cofﬁndum, potassium tunzstate, rutile, and from among the amorphous
substances - barium crown glass; the role of dopant ions caa be per-
fdrméd by Cr3+ ions, the ilons of many of the rare earth elements, for
exémple,‘neodymium Nd3+, samarium Sm2+, praseodymium Pr3+, holmiurn: Ho3+,
' dyépros;um,ﬁw2+. Of all the materials, widest use has been made of ruby
(a1 03-Cr3+). Use 1s also made of Cawou'Nd3+, Caw04°Pr3+, barium crown-
glass with the addition of neodymium. |

“As the active medlum use 1s made of the monocrystalline semicon-
ductors, and in this case the radiation 1s gen:rated with recomb?nation
~ of the carrlers (injected through the p-n junction) through the forbid-
den ione. The prinéipal requirement on these materlals is a high proba-
bility.or radiative recombination of the carriers (1,e., a small life-
time in relation to the rediative transitions).'Such a material 1s the
combound,GaAs, which has been used a; the basis for the design of a
laser wifh exceptionally effective transformation of electrical energy
Into lighf energy.

In‘the case of a liquid active medium, usé can be made of the or-
ganic liquids (nitrobenzene, cyclonexane, etc.).

References~ Shavlov A., Fogel S, Dalberdger L., Optical Quantum
' 2223 tat
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Generators [Lasersl, tran,sl. _rrom Eng., M., _1%2; Electronics [Russ.

transl.], 1962, Vol. 35, No. 7, p. 37; No. 11, p. 41; "Phys. Rev. Let-
ters", 1962, v. 8, Nc. 1, p. 18, 19; No. 10, p. Loy,

M.M. Gorshkov
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LATENT DEFORMATION ENERGY — 13 the excess potential energy of the
atoms displaced by the deformation from their equilibrium positicns. Un;
der a load, a part of the strain on plastic deformation of the solid
is transformed into heat, and a part (about 10-20%) is consumed fof ﬁhe
increase of the lattice potentlal. The latent deformation energy id-
creases with the increasing degree of imperfection of the defcrmed
crystal lattice; 1t depends on the degree of the plastic deformation
and on the type of the external load (static, alternating). The latent
deformation energy 1is measured in cal/g (it 1lles in the range of 1 cal/
/g for cadmium, and 0.5 cal/g for lead).

Ya.B. Fridman
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LATICES are aqueocus colloldal dispersions of rubber-like poly=-

mers which are the raw material for the production of rubber and othcrf;

articles with more or less elasticity. Natural latex, the milky'sap of

the rubber tree, 1s a dispersion of natural rubber. By analogy'with

netural latex, the synthetic latices are aqueous dispersions of elasto- -

mers obtained by emulsion polymerization or copolymerization of various

organic unsaturated compounds; the synthetic latlices are somet imes ooo

sidered to include the dispersions of polymers obtalned by polyconden=-

sation (for exampie, the dispersions of the thiokols) and by dispérsion
in water of the prepared polymers (for example, butyl rubber) and alse ~

- the dispersions of the plastics obtained by emulsion polymerization

(for example, the dispersions of polyvinyl acetate, polystyrene,;etc.)ﬁ
Natural latex is a 1iquid which is superficially similar to milk. The'

particles (globules) of rubber in the latex have a spherical or pear~ -

shaped form; about 90% of the globules have dimensions less than 0: 5

~microns, the largest particles reach 6 microns in diameter. The pro- '
teins, salts of the fatty acids and other constituent parts of the la- -

tex which are located on the surface of the rubber particles glve thém,ﬂ

a negative electrical charge and prevent spontaneous coagulation, which, v:

ensures stabllity of the freshly obtained latex as a colloidal'oyétgm,'_
About 0.5% ammonia is added to the latex to provide further Stobiliza;;~

tion during storage, transport and processing. Acidification of the

latex and the introduction into 1t of soluble salts of the multlvalent_ﬂ

metals 1eads to coagulation, l.e., to the separation of the rubber.c}g,"

Natural latex 1s used almost exclusively in the concentrated
2226 o




Cfcrm. Articles pade from natural latex are frost resistant (brittle.
temperature cf ruwber 1s - €7°) and have high physical and mechanical
prcperties'(even without reinforcing flllers). The étrength of vulcan-
1zed films made from this latex 1s 200-350 kg/bma, the relative elong-
ation 1s 500-1000%. | |

The synthetlc latices differ in composition and properties de-
pending on the recipe and the conditions of their production. Thelr
synthesls 1s accomplished by pclymerization of various monomers in an
aqueods emulsion containing emulsifiers, apolymerization initlator, and
' also, as a rule, a regulator of the rubber plasticity, a stabilizer, an
activator and certaln other substances. The latices are formed as in-
termedlate products and in the production of a whple serles of synthe-
tic ("emulsion") rubbers. Depending on their end usage, the synthetic
latices will contain from 20 to 60-69% rubber. With low concentrations
of the polymer (usually up to 20-40%) the viscosity of the latices
obeys Newton's law and differs little from the viscosity of water. This
is one of the basic advantaées of the latices over the highly viscous
sciutions of the corresponding rubbers which are widely used for the
impregnation of various materials.

Among the polymer materials, the latices occupy one of the first
places with regard to the number of possible aréas of application and
thls 1s 1ncreasing with each year. The production of various latex.
based articles reduces to the'preparation of the latex mixtures and to
the separatioh of the dispersed phase from them by some method. The
following stages of the process are the drying of the articles and in
the majority of cases vulcanizatlion. The methods of separation of the
dispersed phase from the latex are based on: evaporation of the water,
absorption of the water by porous materials, coagulaticn, gelatination.

The methods based on the evaporation of the water are characterized by
2227
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the ractsthat-alllthe tngredients of the latex mixture (excwpt the
volatiie‘ingredients and those which are capable of decomposing) com-
pletely ehte~ 'nto the composition of the tinished article. In this
case use is made primarily of the concentrated latices whose viscosity
is increased as a;result of the introduction of speclal additives. This
group of processes includes the fabrication of thin-wall articles by
repeated dipping of the forms into the latex mixture, the application
of anticorroSIon coetings on metalllce surfaces, the insulation cf wires;
the epplication'or waterproof coatings on fabrics, paper and other ma-
terials; and also the painting.of structural objects using the latex
paints. Separation of the rubber from the latex preferentially as a
result orwthe evaporation of the water also takes place in the use of
latex-cement and latex-bitumen mixtures and 1in the bonding of various

materials with the use of latex glues, although in these cases some

. role 1s also played by the absorption of the water, and sometimes by

coagulation‘as well. Among the processes in which the separation of the
rubber 1s accomplished basically as a result of the absorption of the
water into a;porous material, we can mention the preparation of rubber

and plastic articles in collapSible gypsum forms, the 1impregnation of

textile materials, paper, etc. In the latter case the separated water
1s usually squeezed out’ under the press, on rollers, or is removed by

some other method. Coagulation is used in the production of thin-wall

rubbar articles by the method of alternate dipping in latex and in a
coagulant solutio » and also in the sizing of various fibers. Jellifl-

cation 1s used in the production of sponge rubber, microporous eoonite,
rubber articles by use of gelatinization and ion deposition.

The laticee are almost never used in the pure form in the fabri-
cation of various articles, there are first added a series of ingredi-

ents to provide the required technological properties of the mixture
2228




I1-62kk

and the technical properties of the resulting article; The 1ngredients
are usually introduced into the latices in the rorm”orvaqueous svlu
tions or disperslons prepared on ball, colloidal or vibraticnal millc,
paint grinders ultrasonic installations, etc. The basic ingredients cf
the latex mlxtures are: a) surface-active substanceé to provide the
wctting and foaming propertles of the mixture and the stability cf the
mixture as well: these are the salts of olelc and other natural and
synthetic fatty acids, Nekal, nonionogenlc emulsifiéré (type OP-7 or
OP-10), resin salts, and others; b) thickening agents to increase the
viscosity of the latlces, which are usually high-molecular substarnces
which are soluble in water: caselnates, alglnates, starch, cellulcse
derivaﬁives, polyacrylates, etc.; c) fillers introduced to improve the
stiffness, 1lncrease the wear resistance and reduce the cost of the ar-
ticles, and also used 1n certaln cases as thickening agents to lncreace
the viscosity: chalk, caolin, carbon black, lithobone, etc.; d) soft-
eners such as mineral olls, paraffin and others, added to reduce the
stiffness and increase the frost resistance of the product; e) synthe-
tic resins such as phenol-formaldehyde, resorcin-formaldehyde, urea-
formaldehyde and others, used to improve the processab}iity and the ad-
hesive properties of the M1xtures, and also to increase the stiffness
and strength of the products; f)‘vulcanizing agents, whiéh are used 1in
rnearly all the latex mixtures: sulfur (in the form of a disbersion or |
solution of polysulfldes), zinc oxide, and also the organic vulcaniza-
tion acceierators and ultra-accelerators - Captax, its zinc salt, thiu-
ram, sodium diethyldithiocarbamate, dlmethylammonihm‘d;methyldithlocar-
bamate and others; g) antioxidants, which prevgnt the article from oxi-
dlzing in the process of long-time stdrage and usage - darkening.Neo-
zone D., non-darkening P-23 and others; h) antlfoamahts -:silicone olls,

turpentine, fatty and cyclic spirits and others; 1) pigments; J) gela-
| 2229 | |
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tinizing and thermosensitizing agents - sodium flucsillicate, formalde-
hyde, boric acid, zinc 6x1de and ammoﬁlum sa:ts, polyvinyl methyl es-
ter, nitroparaffin and others. '

tne of the most important afeas of application of the latices 1s
the creation of adhesives which can provide a strong bond between ele-
ments of rubberized fabric articles - tires, drive belts, transportur
belts, etc. Impregnation of tire coard with latex-based compositions
- considerably increases the service life of the treads. Latex 1s widely -
used in the production of sponge or foam rubber - used as a shock ab- |
sorbing material for automobile and other seats, mattresses, pillows,
furniture, etc. Latex sponge with low volumetric weight (0.1-0.2 g/cm3)
has adequate resistance to compression which increases uniformly with
deformation, which in combination with the rapid recovery of the shape
after removal of the load provides seat comfort. Wide use has been made
of water-soluble latex paints based on the ;gbolymeﬁ of styreneméndvbu-
~ tadiene, polyvinyl acetaté, etec., which are used primarily'in building
for the raintins cf interior and exterior finishing of structures. They
have practically no odor, dry rapidly and give coatings with a pleasant
surface appearance. The painted surfaces can be washed with soap and
brush. The production of the latex paints is accomplished uéing the
conventional equipment of the péint factories. A whole seriés of leé-
ther substitutes 1is produced-with the use of the latices. These include
the bonded fibrous materials obtalned by combined deposition of the la-
tex rubber and vegetable or animal fibers from a dilute aqueous dis-
persion, and the fabricé with latex coating (with or wiihout prelimi-
nary impregnation). Many seémless rubber products with comparatively
thin walls are rabricéted from the latices - surgical, industrial,
household and other gloves, pi&ot-balloon and sounding-balloon enve-

lopes, footwear, etc. Latices are uséd in the form of cement-latex
2230
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ceatlings mixtures to obtailn polym?r-cemont coatincs with improved elace
ticity, wate. reslstance and adhegion to varlous materifals. Particular-
iy effeétlve iﬁ.ihe uée-or these mixtures for the covering of floors in
public'bulldlngs; decks of vessels, walls of reservolrs for combustible
liquids, feinrorcing of hydrotechnical structures, and also for the
bonding 6f glass, porcelaln, tile with stone, brick, metalllec, wocoden
and oinher ﬁaterials. The latices are also used in other branches of 1ln-
dustry: as a prihﬁ plgment 1n the textlle industry and for the produc-
tlon ofbhcnﬁovén textile materials; as bonding agents in the fcotwear,
polygzraphic, chemical and other industries; for the production of
frictionalfcomponents in the asbestos~technlcal industry; for imprecnat-
Ing and coating paper in the paper 1ndustry; four leqther finlshing; for
sealling cohtainers'in the foodstuffs indust y; for insulating wires and
cables in electrical work; as an additive to the biltumens in higﬁway
construction; for fire extingulishing in mines and for a whole serles cf
other rielas. |

References: Noble R.J., Latex in Engineering, transl. from Enz.,
L., 1962; Gauzer E., Tekhnologlya reziny [Rubber Technology], Vol. 2,
M., 1937; Litvin 0.B., Sinteticheskiye lateksy [Synthetic Latices],
L.-M., 1653; Synthetic Rubber, ed. by G.S. Whitby, transl. from Eng.,
L., 1957; Lebedev A.V., Fermor N.A., KhNiP, 1957, Vol. 2, No. 3, p.
339-47; Voyutskiy S.S., Shtarkh B.V., Fiziko-khimiya protsessov obrazo-
vanlya plenok 1z dispersly vysokopolimerov [Physico-Chemistry of Pro-~
cesses of Formatlon of Fllms from Dispersions of High Polymers], M.,

1954; Proizvodstvo i primeneniye sinteticheskikh latekzov [Proddction

and Application of Synthetic Latices], [Datal], L.-M., 1953; Sintez lat-

eksov 1 1kh primeneniye [Synthesis of Latices and Their Application],

" ¢oll. of articles, L., 1961.

A.I. Yezriyelev. A.V. Lebedev_
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LAUTAL is an alloy of aluminum with 4% Cu, 1-2% Si, about 1% Mn,

" up to 0.4% Fe, balance aluminum. The alloy forges well, rolls well, is
heat-treatable. Affer quénching and artificial aging °b-“.32'4° kg/mma,
0o.p = 20-26 kg/m°, & = 18-23%.

0.S. Bochvar, K.S. Pokhodadayev
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LAVSAN 15 a synthetic hetero-chaln flber made from polyethylene
terephthalate (PETF). It 1is produced in the form of ordinary ard |
strengthened filamentary thread and in the form of sfaple fiber in the
USSR, England (under the name Terylene), US (Dacron), GDR (Lanon). The
‘specific welght of the fiber 15 1.38. The molsture content at standard
conditions 1is 0.4-0.5 percent, at 20° and 95 percent relative humidity
it 1s 0.5-0.7 percent. The breakling length of the crdinary filamentary
thread 1s 34-40 km (45-55; 35-45). (Numbers in parenthésesifefer respec-
| tively to the strengthened fllamentary thread and to the #taple'fiber).
Loss of strength 1ln the wet conditicn 1s very slight; in a locp it
amounts to 7-12% (6-17; 10-28). The ultimate breaking sfrengﬁh 1s 46-55
kg/mm2(63-77; 47-63). Breaking elongation in the dry conditlion 1is 14-
17% (9-12; 40-50), 1in ihe wet condition 1t is 15-18% (10-13;. 41-52).
The degree of elasticity of the ordinary thread (wlia & percenﬁ'elonga-
tion) 1s 100% (100;-), with an elongation of ld'peréént it 1s 57-59%
(71-72;-). The strain recovery of a fibrous mass of the staple fiber af-
ter removal of compresslive ioad 1s 72 percent arter.1 minute, incfeas-
ing to 83 percent arter 30 minutes. Lavsan has a h;gh elastic modulus
(990-1060 kg/mm?® for the crdinary fiber and 11}20-'1'200.kg/m2 for the
strengthened fiber); the shear modulus in tdrsidn 15_8760-16,800 kg/ém2
03,600-1h,000). The resistance to repeated derormation (on the DN-15
tester with 110 flexures per minute) with a stress o:_Slkg/hme is 9300-
12,200 flexures for the ordinary thread; for theisf?éngthened threat it
1s 9000-15,000 flexures; with a stress of 10 kg/ﬁm2;(§n the "Sinus"
tester) the value for the staple fiber 1s 21,000;30;000.t1éiures. Abra-
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slon resistance of the ordinary fiber 1is g*eater by a factor ot two .
than that of the strengthened fiver. ) '_
Fcr detailed information on the physical and chemical and other.
properties see Polyester Fiber. S :”
References: Petukhov B.V., Polierirnoye volokno., {Terllen, lavsaé]i
__[Polyester Fiber] [Terylene, Lavsan], M., 1960; Demina N.V., et al. Khv;
1960, No. 5. ' B

E.M. AyzenShtéyn
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LAW OF SIMILARITY - constancy of relative deformatiocn and specific
“work of deformation (per unit volume) 1n gecmetrically and mechanically
similar stressed specimens of the same material 1n identical stressed
states. Hence, at a given relative-deformation amplitude‘and rate the
forces are proporticaal to the square of the similar dimensions of the
todlies, while the work of deformation 1s prcportional to the cube of
these dimensions. The law of similarity often breaks down (see Scale
effect) because of disruptions of other types of similarity (tempera-
ture, structural, kinetlc, etc.), which are not taken into account by
this law and are often assoclated with differences in the structure and
characteristics of large and small specimens, these belng due to varia-
tions in temperability, casting, pressure-working, and cutting condi-
tions, ete.
| References: Davlidenkov, N.N., Nekotoryye problemy mekhaniki mate-
rialov [Certaln Problems in the Mechanlcs of Materlals]), Leningrad,
1943.

Ya.B. Fridman
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LAZURITE (lapis-lazure) 1s a mineral of the silicate class (Na,

dence masses; ¢rystals in the form of cubes are extremely rare. The
specific welight 1s 2.38-2.42, hardness 5.5, brittle. The color may be
azure-blue, dark-blue, violet, sky-blue and greenish-blue; 1ir thin
sections 1t 1s blue. The index of light refraction is 1.5. After cal-

; * cining the color 1s not lost, at times 1t 1s amplified. It dissolves in

: HC1, reieasing HQS. Lazurite 1s used as a rare and beautiful ornaméntal
; stone. Lazurite 1s used for.the prodhction~ot decorative.vases, Jewel
cases, statuettes, etc. In the torm of thin plates 1t is used for in-
laying 1n artistic mosalc work, and also for facing of columns, fire-
places, etc. ' '
References: Betekhtin A.G., Mineralogiya (Mineralogy) M., 1950;
Fersman A.Ye., Ocherki po istorii kamnya [Notes on the History of
 Stone), Vols. 1-2, M., 1954-61. |

Yu. L. Orlov

-

Ca), _ g [A1510,]¢ [50,,01,5]; _ ,+ It 1s usually encountered in soltd
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LEAD ARIENTAN ~ argentan alloyed with lead. Addition of lead inm-
proves the cuttablility of Cu-Ni-Cn alloys of the argentan type. The
USSR produces lead argentan of type MNTsS17-18-1.8 (16.5~18.0% Ni,
1,6-2.0% Pb, 61-64.9% Cu, and the remainder zinc), which 1is used prin-
cipally for watch components. Lead argentan combines high corrosion
resistancé aﬁd strength with good cuttadllity. On drllling,.milllng,
or turning lead argentan forms fine, frilable chips. Its cuttability
amounts to 50% of that of LS63-3 brass. Lead argentan is pressure-

worked only when cold. According to TsMTU 4589-55, lead argentan 1s

produced in sort;rsemihard, and hard sters. For the principal proper-

ties of lead argentan see the article entitled Ccpper—Nickel alloys.

Ye.S. Shpichinetskiy
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LEAD BABBITT - a lead-based alloy intended ror casting bearings.
The principal alloylng element in lead-based babbitts are -tin, antimony,

and copper (Table 1). Cadmiun, nickel, arsenic, and tellurium are also

found in certain types. The tin content of lead-tin babbitts prcduced

to Soviet standards does not exceed 7%.

TABLE 1 )
Chemical Composition of lead-Tin Babbitts®* (GOST
1320-55)
2 Colepeanne aaesenTos %)
1°""" oo |50 [ cu | Ni|ca | ae | re [pufrefas|za]m ;?:-?
b e e senfisenfaga= | = = ] =] =[x leutfeuses]ons! o6
S UUE TN TS FFORTY I L T PV FITOR 2 o1 =lo.t8fo.1| 028
. . do [i.as ) i.as] e
RN L (T Do) B Bl B U™ § |~ loafo.rslonsf o0
Tse o0 PN (PSP YURTY P U B FIETON IPUPO Rl 0.1] = Jo.18{0.1] 0.4
) PR 3,0 3.2 1.0

#The tin content of B16 should not exceed its an-
"timony content. . BT may contain impurities of up
- t00.1% Cd and 0.2% Ni, while Bl6 may contain up

-.to0 0.1% Cd and 0.5% Ni.

lloy; 2) content of elements 5%); 3) total impurities; 4) B16; 5)
EN; 6) .BT; 7) B6; 8) remainder; 9) no more than.

!

90 copent
i .
=

Spttes
3 )

Fig. 1. Influence of temperature on the hardness of lead-tin babbitts
with dlfferent tin contents. 1) kg/mm2,

v The strength and hardness of lead babbitt 1ncreaaes with its anti-
mony and tin content, but its plaaticity decreases. EN and B6 alloys,

which'eontaln’arsenic, are distinguished by a fine-grained structure.
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TABLE 2 ,
Mechanical Charactoerlistlices of lead-
Tin Babbltto :

Pacrnvenar T aneTee
el — e o
. Hnr "3
Couasn LN .“ L9 L) waina s nah L, . :.')
(o wan)] (%) [qa. wmt)i(n wu) o)
116 KB EIEEN) TENIN; e | owore
(B 1] 1 t 7.1 [P 25 2% L}
| 8,7 "3 .4 re ot 21 ", \
[ .8 .0 - 1 21 I (N1 )

s -
1) Alloy; 2) extension; 3) kg/mn"; U4) compression; 5) shrinkage (%);
6; kg-m/cm; 7) B16; 8) BN; 9) Br; 10) B6.

TABLE 3
Physical Characteristics of Lead-Tin
Babbitts
o | Tewmpa wur.
- peptenRANNY PRPPR A H 3 L)
H ! o e ool areas | neaanen Poceul
! S * - ex *C) cwn ol [(ws,ent amy
[ - mnnmfm«-u :
Lie 'i 29 41 240 a5 fn, 08 [ R 1] ", 2
BH 9,38 {o0a 240 26 o onys » neg ..t
LT ®.s8f 41n b 1 N ) " u5) LT Y Y )
Le i‘.. (11} 232 27 LACH] " uny v. 2

1) Alloy; 2) y(g/emd); i) solldificatlon temperature (°C); &) initila-
tion; 5) termination; 6 Azcal/cm-sec-‘c;; 72 coefficient of friction
with lubrication; 8) wear (mg/cm2.kg); 9) Bl6; 10) BN; 11) BT; 12) EB6.

TABLE 4

Technological Characteristics
of Lead-Tin Babbitts

Teanuanrnwenne | Cuace
rap-w [su] nM| 6T | ke

iKnmorexyweers (ea) , .| B! 1 |5 -
dlmmeRuan yowame (%) . . [0,30 [v, 3¢ 0,30{0,%8

1} Technological characteristlics; 2) alloy; 3) Bi6; 4) EN; 5) BT; 6) Bﬁj
7) flowadility (cm); 8) linear shrinkage (%). _

Additlon of nickel, cadmium, or arsenic to lead babbitt increases its
.- | hardness and strength znd makes it possible to reduce the tin content
to 9-11%. When added to lead babbitt copper forms a chemical compound

with the antimony present; this compound exhibits acicular crystalliza-
2239 |
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TABLE 5

Applications of Lead-Tin Bab-
bitts g

Vlcmo 2  Ocmoswe o8ascTE SpEMINInSR

R NS HARINR MATTRAME R RODIRTUE DOX
WEEHERCS JANTATASCR ANTYTD, CrOpRNEN (A0~
TONOOANMNNE, TPARTODHUE @ BB ), pepEnat
3 BOSCSENOR ORCPHME SOIMATANNNS 88 DML
¢ 2yplun, CYIOPMT B ETRRRORIPNME RAPISNT
. : - WAMWEN WOAMBOCTS . B0 1200 A &, TRIPITY=
, SEONTPORDEBOICS, BASWTROTASraT AeR
HomMBOrTaD 150750 rewm, NOWAPECOPOS B
NWIPEIOPOS NOENOCTVD A0 3008 aem, grwt.
POOMIRWMT RACOCOD WORNOCTIID &2 2000 &. €.
B Rp. ,I

AR VAR WETYHNNE B ROPIRRUE BOI-
. 93 -gmuo- tpanTopiME 8 astomolasrumi
asarersaeh

| 31 JLAn S2WENE BEPINNT  BOSIRAWOR ODOD-
NME SOIMEDARNOS BaPeNY TYPOEN, CYA-
MR N CTARSORADEME B4DOSHE WANER WOUL
mocTad 30 1200 8. €., NOCOANMMAME Doam,

5 raapor ,  SOEWTPONPWBOAOS, BAENTDO-
Rsmrsresefl, TENEPETOPOS, NCNRDECCOPOS,
T RACOCOS, BORTYN-HECOCON,

PEATNTOPOR B MOCTePENNWT RAeTER RpORATS
NUT CTRWOR, NOILENNME NEERN MOWNOCTIE

20 1800 2. ¢., apodason 9

‘ B8 AAR MIESRE BOIMAEDNENCS NEPTAAML
EPmIeTeNeS, DUNCERNT ONCABANNEROS ROW-
[ POAMATD

PEODOPOS. uers pe

.6 TMBAOWAT CTANNCS, TPARCWANCER, DENTEAN-
TOPOS, ANMOLOCOS, INERTDOXBENL STERC R WO~
#OCTI0 OF 100 20 250 xevn, BIMPOSUE NoNV-
wnm, ! a0 £ semraresed,
wecrepennns naeved momuizb cranos

1) Alloy; 2) principal fields of application; 3) EN; 4) Br; 5) Bl6;

6) B6; 75 for casting rocker and crankshaft bearings for internal-com-
bustion engines (automobile, tractor, etc.), the upper halves of
thrust bearings for steam turbines, marine and stationary steam engines
of up to 1200 hp, hydrocelectric turbines, electric drives, electric
motors of up to 250-750 kw, compressors and generators of up to 500 kw,
centrifugal pumps of up to 2000 hp, etc.; 8) for casting rocker and
crankshaft bearings for tractcr and automobile engines; 9) for casting
the upper halves of thrust bearings for steam turbines, marine and
stationary steam engines of up to 1200 hp, saw frames, hydroelectric
turbines, electric drives, electric motors, generators, compressors,
centrifugal pumps, vacuum pumps, reduction gears and pinion stands for
rolling mills, hoists of up to 1800 hp, and crushers; 10) for casting
bearings for gasoline engines, outboard bearings for compressors, bear-
ings for metal working machinery, transmissions, fans, exhaust fans,
electric motors of from 100 to 250 kw, ball mills, and gas and gasoline
engines, and pinion stands for light-weight machine tools.

tion and brevents liquation of thé lighte: cryatals of the p-antimony

and tin solid solution. BT babbitt, which contains a small quantity

of tellurium, has a considerably higher plasticity than other alloys.

Babbitts rapidly lose their hardhegs as the temperature rises (Fig. 1)
2240
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Fig. 2. Sliding speed employed as a'function of specific pressure for
BN and B6 babbitts. 1) m/sec; 2) kg/cm?; 3) B6; 4) EN.

and the working temperatures of cast-babbitt beapings consequently
shoula not exceed 80°. -

Tables 2-3 show the mechanical; physical, and technological charac-
teristics of lead-tin babbitts and their fields of application.

The long-term strength of BT6 babbitt 1s 2.0 ke/mme.

Figure 2 shows the operating cohdit;éns_for EN and B6 babbitts at
different specific pressures and sliding speeds.

The principal differences in the‘characteristics of tin and lead-
tin bdabbitts lie in the greater brigtieness and somewhat lower durabill-
ity of the latter, which are assoéiated with thelr miérostructure {the
presence of substantial amounts of an antimony-lead eutectic). In tin
babbitts the brittle metal,'antimohy, forms a solid solution in the tin
(a- and B-crystals). ' |

Good adhesion of lead-tin babbitts to the steel bearing housing

- 18 made possible by careful preparation of the surface of the component

. to be lined and obserw tion of the properftechnologicai regime,

The lead babbitts also include calcium babbits, in which the prin-

cipalﬂailoying components are alkall-earth metals — calcium and sodium
 (Table 6).

The soft lead in BK babbitt is strengthened by dissolution of 80=

~ dium 1n it or by rormation of aolid,cryétals of a calcium-lead compound

2241
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13 Alloy; 3) extg&slg?, 3) kg/'mm2 4) compression; 5) shrlnkage (%);

kg-m/cm<;

1) Alloy; 2
5) end;
tion; é) we

(Pb Ca). In BK and BK2 babbitt these crystals are a solid struéturél
constituent similar to the solld solution of g-antimony and tin in

TABLE 6

Chemical Composition of Calcium Babbitts
(according to GOST 1209-53)*

2 Coaepwanne saewewtns (%)

Cams . L
1 Ca Ne. | ug ' ”» Ce ’ M| ShfNe Porewnn .
) 6 ne Gnnce »
sk L] oas- [oo-a! — | - -~ Jaate, o2 0.
% - 1 {e.25]0.02] 0.9
BK2 035~ | 0.25~ [1,5~ 0,00~} moe 048 jo.202 ] 0.3
S5 Tess | e |4 {é.or 7

®#Addition of up to 0.08% AL to BX2 1s per-
missible when requested by the consumer.:

1) Alloy; 2) content of elements (%); 3) other imparities, 4) BK, 5)
8K:; 8) remalnder; 7) no ro.ac Lhah, A

TABLE 7

Mechanlical Characteristics of Cal-
c¢ium Babbitts

1 Pacronenme 2 Coarme &
H 3 [ nn . o
‘ o 8 o e OCaRRa {(xs; %) " -t
g (u/a'u.') (‘:J!(n(.a...') (n{.‘..-') (%)5 (lu%n') (x2;mm?)
t
3.3 10 |2,8 l.l
gn«: .8 |4 ] ' I 1 L HH I It

TABLE 8

Physical Characteristics of Cal-

cium Babbitts

=TT
. 2 e (03 | 2 H g « BE_
Cozery) | ¢ g |3 F§ | 33
HENCIEARRE R
| Pl IEl 29,, 2
Ik 2 3 I I A HSH R
) v(g/bm3) 32 solidification temperature (°C); 4) begi
k(cal/bm-sec- C); 7) coefficlent of friction with lubri

ar (mg/cm2.im); 9) BK, 10) EBX2.

l

nning;

ca~

tin

and lead babbitts. EK2 babbitt is a solid solution of tin and’ maganlum

§ e .
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Fig. 3. Hardness of lead alloyed wilth various metals used 1in babbltts
1) kg/mm@; 2) alloying elements, %

in lead. Calcium babbitts have a harder base than other lead babbittc
since the strencthanine offect ¢f sodium and magnestum 1s subst2rtially
greater than that of the cther metals added to lead babbitts (Fig. 3).
Ca;cium batbitts are distingulshed by high mechanical characteristics,
good durability, and a low coefficlent of friction (Tables 7-8), but
thelr usefulness 1s limited, since they are unable to adhere well to
steel bushings, as tin and lead-tin babbitts do. In order to obtain a
strong joint between the babbitt layer and the bushing 1t 1s necesscary
to employ various types of mechanical fastening ("dovetéiling," etc.).

BK2 babbitt has a consilderably higher plasticity and impact
strength than BEK, which contains more calcium and sodlur.. The linear
shrinkage of BK babbitt amounts to 0.75%. Calcium babbitts have come
into wide use as bearings for rallway and subway rolling stock, mining
equipment, briquette presses, and other méchinery.

References: Spravochnik mashinostroitelya [Handbook of Machine
Building], 2nd Editioh,‘Vol.‘Q, Moscow, 1956; Spravochnik metallista
‘[Metalworker's Handbook], Vol. 3, Books 1-2, Moscow, 1959; Tselikov,
I.A., Vazinger, V.N., Alloys of Lead with Alkali and Alkaline-Earth
Metals, Kal'tsiyevyye babbity [Calcium Babbitts], Scientific-Technical
Committee of NKPS [National Commissariat of Communications], No. 65,
Moscow, 1927; Shpagin, A.I., Antifriktsionnyye splavy [Antifriction
Alloys]), Moscow, 1956. | 0. Ye.

2243

Kestner

L N



TS S

dii=1Y8

LEAD BRASS (iree-cutting brass) — bdrass containing 57-75% Cu whose
priniipal alloying element if lead. Addition of lead, which 1s virtual-

ly insoluble in the brass solid solution, makes the metal more cuttable

'and increases its antifriction characteristics. The cuttability of type

LS63-3 lead brass is assumed tdlbe 100%. Lead brass 1s easily deformed
when cold. GOST 1019-47 shows 7 typés of lead brass, 3 of which are

Muntz metal. Sheets, strips, bands, bars, shapes, and wire are produced

from lead brass.

TABLE 1 .
Chemlcal Composition and Mechanical Characteristics of
Lead Brasses
Coepwan k1 Mezanme. cooACTEA B COCTORANAN
(%) uo IOCT ION—H T teepaow NRCRON
P XL L &
' NB
Ce P i (n,’.a.u'j 8% | (uarmamy (n,::-') %) (l'l'{‘u'.'l')
g JNCW-I v v e v v e 72-7512.4-3,0 llmoe $tmFi | 28 | $00—120 {1040 [40--85] 5080
JNCE2 . ... 81-68|1.,5=2,0 0 me Sa-87 b | 100120 [ 4240 {5563 | 40~gn
JIC83¥3 ... .. 62-65%] 2,4-3,0 . 53-8 | 46 ] 105123 | J0i0 4030 ] S0n=lg
10 Jkchs-1 [ L L]se-38 K 7-‘13.;. . - - - - - -

1) Alloy; 2) content of basic elements (%) according to GOST 1019—4%
3) mechanical characteristics in following state: 4) hard; 5
6) soft; 7) LS7T4-3; 8) LS64-2; 9) L363-3, 10) LZhS58-1-1; 11 remain-

~ der; 12) the same.’

TABLE 2
Physical and Techn;cal Characteristics of Lead Brasses

v . A 3 ’ E Ofpatst. pesa. | T Tonmpe € )
] Came figen)| (1/0C) | (TOMIENTX (ou- mmtim)itxr,mnt) | wEn) w 2uTYNE R ANe

1 0° nEeN 00 OYNOMmEe
X cox-*C) J1C83-3 (*. ormurs
g 3 L | & 6" *) Q nua ‘
JCTHS 8?7 19.8 0,078 | 10300 8 S0~-¢
J1Ce4-2 (3% 20,3 0,23 0,088 10806 'g :so-c:g :?:
JICeI3 8,8 20,3 0,088 | 10800 100 450830 %05

1 lo ; 2) y(g/bm3) 3) l(cal/bm -sec: °C); 4) p(ohm.mm“/m); §) E(kg/
5 cuttability with respect to L863-3 brass (%); 7 temperature
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(°c); 8) annealing; 9) melting; 10) LS74-3; 11) LS64-2; 12) L363;3{

Lead brasses are supplied in hard (cold-worked), semihard, ard
soft (annealed) variants. The harder a lead brass, the finér are tie
chips produced during cutting. Lead brasses are used 1n the manufacturc
of waﬁch parts, polygraph matrices, friction clutches, nuté, holts; and
other cut‘components which must have high corrosion resistance. Lead
braéses of types LS59-1 and LS63 and Muntz metal are the most widely
‘ émployed. LS59-1 brass 1s used to produce soft and hard wirezrromvé.o
o 12.0 mm in diameter. in accordance with GOST 1066--9, and £5id=roull-
ed sheets and strips from 0.4 to 10 mm thick and hot-rolled‘éheets fron
5 tc 22 mm thick, in accordance with GOST 931-52. |

V"Soft (cb > 20 kg/mmz, 5 > 40%), semihard (ob > 35-44 kg/hme), hard
v,°b'> 4y-s4 kg/hmz, 5 > 6%), and espelcally hard (cb > 64 kg/hmz, 5>
> 5%) bands from 2.55 to 1.4 mm thick and strips from 1.5 to 8.0 rr

thick.are produced for the watch industry from LS63-3 brass; in accerd-

‘ance with GOST 4&42—48.'Pressed and drawn rods with round, rectangular,
ahd hexagonal cioss-sections and varying dimensions are produced from
Ls59-1, LS63-3, and LZhS58-1-1 (GOST 2060-60). Semifinished produces

.of other types of lead brasses are manufactured in accordance with

~ technic:l speciflcations. Iables 1 and 2 show the chemical composition
and principal characteristics of lead brasses.

References: Smiryagin, A.P., Promyshlennyye tsvetnyye metally p
splavy [Commercial Nonferrous Metals and Alloys], 2nd Editlon, Moscow,
1956; Spravochnik po mashlnostroitel'nym materialam [Handbook of Ma-
chine-Building Materials], Vol. 2, Moscow, 1959; Metals Handbook, Cleve-
~ land, 1948 (AsM).
| Ye.S. Shpichinetskiy
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'-1LEAD SRO&ZE -~ a copper alloy whbse principal alloying element 1is

lead (Table 1). It is used 1in heavily loaded bearings subject to im-

pabt énd'alternating stresses. Structurally, lead bronze consistsvdr :

comparatively hard copper crys%als with inclusions of soft lead. The

atrugtupe of lead bdbronze remains unchanged when

tin,_nickel, or silver are added. The mechnical

per-lead alloys decrease and theirAantifrictiQn

creaée as thelr lead content rises. Addition”or

aniéél characteristics of the alloy; esreclally

small quantities of
characteristics cf'éop—
characteristics in-
tin ipcreases the mech-
its fatigue resistance -

m#;hijaﬁle 2). Nickel and sllver have little influence on the mechanical

propérties of the alloy when present in concentrations of less than 2¢%.

Lead bronze has a considerably higher heat resistance than other bear-

. ing Elloys. A slight decrease 1n hardness sets in only at temperatures

above 150°. The thermal conductivity of these alloys is several times

that of tin and lead babblts (Table 3). Lead bronze is used in th2 form

of a steel-bronze btimetal.

. TABLE 1
Chemical Composition

1) Alloy

- itles; 5

of lLead Bronzes

1 o Codep 108 (%)
caiie | |l b ca solre[A] si | Bt [As]Sa|N1|Z0]| oy
i § ) 3 me Goes BpRuece
gswo 29,522] — |no 0.15]0cramwmon | 0.3]0.25}0,01f 0,02 | 0,008 o.w.zo.so.mgu.%-e
n B N1}
Bpoc | 2122 [1—2/110 0.1 0.3l0,2sl0,01] 0,02 0,008 [0.1] = [0.5l0,1]0.8
¥ a g 510

2) content of elements (%); 3) no more than; 4) total impur-

BrS30; 6) Br0S1-22; 7) up to; 8) remainder;

to Sn and Ni; 10) in addition to Ni.
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9) in addition




I1I-18s

TABLE 2

Mechanical Characteristics
of Lead Bronzes

! "
1 e,‘,|c. o_, |on ‘uu‘n_,'ﬂm.

Caase 2 | %

(az mt) (L ((se'mm’) B, (x2 mu')
* ¥
: o]

Lpcan a8 afsf 20 fodlaegy 22
BpOC1-22 % 128 3 0,8 38 lt 5f 4.2

#Bagsed on 20 million cycles.
1) Alloy; 2) kg/Am?; 3) kg-m/cm®; 4) BrS30; 5) BrOS1-22.
TARLE 3

Physical Characteristics
of Lead Bronzes

e . acyl
' ' ] Canes |y (ccm®) '.I,T‘...',",?’ A(xdh e cex *C)
brpean. "4 18,3 038
gBpOCI:22| 8.2 182 0,30
L

1) Alloy; 2) y(g/cm3); 3) A(cal/cm.sec.°C); 4) BrS30; 5) BroSi-22.

Bimetallic bearings are manufactured by casting individual bush-
ings, which are heated to high temperatures (1050°) under a protective
" flux, or by casting a strip from which the bushings are subsequently
stamped. One speclal feature of lead bronze 1s its tendency toward
liquation. Speclal measures,.such as especlally rapld cooling by spray-
ing with water, are employed to prevent liquation. Shafts intended to
function in conjunction with lead-bronze bearings should be heat-treat-
ed to a hardness RC D> 45 and thelr surfaces should be thoroughly clean-
ed. Such bearings are machined with a diamond drill; maxing shallow
cups at high speed. In order to accelerate running-in the final bearihg
surface 1s galvanically coated with a thin layer (30-50 i) of lead and
indium or lead and tin, which permits compensaticn for any noncorres-
pondence in the geometry of the friction pair and ensures the requisife

2247
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conditions for hydrodynamic lubrication of the bearing. This applied
layer of soft metal functions almost without wear for hundreds otAhqqra.
References: Shpagin, A.I., Antifriktsionnyye aplavy [Antifrictibﬁ'
Alloys), Moacow, 1956; Spravochnik mashinostroitelya [Handbook of ﬁanv_
chine Du1laing], 2nd Eattion, Vol. 2., Moscow, 1956; Spravochnik metal-
liata [Metalworker's Handﬁook], Vol. 3, Books 1-2, Moscow, 1959;'Spra§-'

ochnik po mashinoctroitel'nym materialam [Handbook of Machine-Building
Materials], Vol. 2, Moscow, 1959. T
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LEATHERETTE — see Leather Substitutes.
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LEATHEROID 1s a variety of thin sheet fiber used in electric ma-
\ -}~ —chinery construction.
; 'i 2250
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LEATHER SUBSTITUTE MATERIALS are textlle fabrics which are coated
on onae side, less frequently on doth sides, with films based on vege-
table oils (oilcloth), nitrocellulose (leatherette), polyvinyl chloride
(festovinite and pavinol), and polyamides. The film composition contains
pigments, fillers, plasticizers, antipyrenes (to provide noncombustibil-
1ty).lwaterproof1ng of the rabrics is achieved by special impregnation,
The basic data and the mechanical properties of the leather substitute
matérials are given in the table,

Ollcloth. Low combustibility; stable to 60°; must not pass water;
resistance of color to abrasion in wet condtion no less than numt-»r 4,
Film adhesiveness 0.4-0.5 kg/cmz. Resistance of film on TsNIIKZ tester
no less than 60-160 cycles in abrasion and 60-90 cycles in bending.

leatherettes., Combustible. Smooth hose leatherette is resistant to
gasoline, kerosene, oil; embossed automobile leatherette 1s stable 1n‘
the range from +60 to -50°. In waterproof testing, films of all grades
of leatherette must not soften after two hours, must not become sticky
and the pigment must not wash out (water resistance is determined by
pouring 0.5 liters of water at room temperature into a bag made from
the material with an area of 15 x 15 cma. Adhesion of the film to the
fabric must be no less than one kg. Film on moleskin substrate must not
crack prior to failure of the fabric. |

Alrcraft materials (thin leatherettes). Noncombustible; stable to
90-100°; stiffness (bump test method) no more than 71 mm for ANAM, ANZM
and ANKM, no more than 90 mm for AZT. For the physical and mechanical

properties and water resistance of ANAM, ANZM, ANKM, AVZM, AZT see art-
' 2251



e

e et o

II.5™1
Basic Data on leather Substitute Materials
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1) Leather sudbstitute mater%als {GOST or ‘X‘U)b; 2) substrate fabric; 3 o :
dimensions; 4) weight per m< (g); 5) breaking load (kg, no less than 3 T
6) elongation (%); 7) tear strength ékg); 8) width cm’; 9) roll length : : :
m); 10) thickness (mm); 11) warp; 1 ) £111; 13) strip otlcloth (GOST
270-57); 14) cambric, serge; 15) leatherettes; 16) smooth hose (GOST
9236-59): 17) moleskin; 18? embosged automodile (GOST 9236-53); 19)
same; 2 furniture (GOST 9236-59); 21) shoe fabrie, moleskin; 22) book. .
binding {GOST 8705.58); 23) cambric; 2 phonograph; 25) serge, mole-
skin; 26) or; 27; curtain; 28) texto tes; 29) ﬁorous upholssery No.
1-4 ioos 6603-52); 30) 1-2 molesxin, 3 AST-100, 4 coarse calico; 31)
porous clothing No, 5-7; 32) 5 canvas, 6 moleskin, 7 satin; 23) nonpor-
ous No. 8-16; 34) 8.10 moleskin, 11-12 canvas, 13 coarse calico, 14 AST- ..
=100, lg canvas, 16 satin; 35) for and ; 36) no less than 2; 27) pav-
inol; 38) pavinol aricraft P.A. (TU 1-592; 2? glass fiber; 40) no less
th&? 85; 41) 370 = 50 (small patterns), 40C I 50 (large pattern); 42)-
strip. . .
icle Nonflammable Materials. .
Testovinites. Low combustibility; stable at temperatures from +70' -
to -25°. Vapor permeability of porous upholstery textovinite is no le_'ss'
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than 0.8 mg/cmz-hr; resistance to pacoline 10 minuic;, to keroncne U
| minutes, oll 1.5 hours. Water permeablility of porous clothing tcrtolite
s O.l“cma/bmz-hr. In testing for waterproéflng, the f£1ilm muct not :nfe
ten nor become sticky after two hours and the pigmcent must not wach out.
After soak for three minutes 1in concentrated nitric acid the strensth
loss of porous textolite must not exceed 45%. Adhezion of film with
fabric is no leés than 3 kg/50 mm. Wear of the porous textolites (after
10,000 cycles) 1s 120 g/mz, corresponding fligure for nonporous materi-
-als 1s 50 g/hz. Nonporous textolite has high resistance to gasoline
(two hours) and kerosene (two hours) in comparison with porous textol-
ite. fhe water resistance is the same for both.

Pavinol. Does not burn or smolder after removal of flame. ravinol
must not crack at temperaturés above -25° (see Pavinol). |

The nonflammable and waterproof materials are used for facing ther-
mal insulating materials; ANKM, leatherettes, textovinites and pavinol
are used as coverings for céilings, walls, doors, furniture, railway
car, aircraft, and automobile seats, etc. Porous textovinite (vaper
permeable) is uQed for the fabrication of special sanitary clothing snd
also for footwear.

I.Yu., Sheydeman
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| IEDEBURITE is a eutectic mixture of auatenite and cementite which
forms at the point C (1130°) of the state dlagram of iron-carbon. With
- eooling bdelow thevpoint A (723° for the pure iron-carbon alloys), the

austenite which appears in the composition of the ledeburite is cone

verted into perlite, conseguently at normal temperature ledeburite con-
g:a:a of perlite and cementite.
_ In the pure iron-carbon alloys ledebuhite is formed with a carbon
~content of more than 2%, 1.e., only in the pig irons. In the highly al-
| lbyed steels with a carbon content of O, 7-1% and with the presence of

the carbide-forming alloying elements (Cr, W, Mo, V), ledeburite 1s a
'cbmponent part of the structure in the cast cbndition; the carbides of
" the alloying eleménts enter into this structuré in place of the cemen-
tite. Such a steel (for example, the high-speed Cr-W-V steel R18 and
: RQ) belongs to the ledeburite class. The name ledeburite is used in
honor of the (German scientist-metallurgist A. Ledebur.

A.F. Golovin

T L
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LIGHT ALLOYS are structural alloys based oh the metals with low
specific weight (see Aluminum Alloys, Manganese Alloys, Tit;nium.ll-
loys, Beryllium Alloys). The index of the atructurﬁl strength of the
light alloy is not 1ts absolute value, tut the specific strength (see
Specific Strength). The light alloys are wiqely used in transport ma-
chine construction, par;icularly in aviation, and in dcmestic articles.

0.8. Bczhvar, K.S. Fokhodayev
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LIGHT- AND OZONE-RESISTANT RUEBER — rubber which retains its prop-
rties under atomospheric conditions and under conditions-associated

with generation of ozone. The majority of rubdbers crack and lose their

usefulness when deformed (by extension, tbrsion, or bending, but not
by pure compression) in the presence of gaseous ozone. The maximum

- ozone concentration is 2-h-10'6% at the earth's surface, ~20-10'6% at
an altitude of 20-25 km, and 56-10-%% at the summits of high mountains.
Ozone in higk concentrations may be formed in the presence of spark

discharges (iigh-voltage installations) or ultraviolet, x-ray, vy, and

other types of radiation produced during the operation of nuclear reac-

tors, electronic instruments and equipment etc.
Rubbers can be divided into three groups in accordance with their
resistance to ozone cracking:

Especially stable rubbers are based on saturated polymers (fluor-

ine-containing polymers, chlorsulphated polyethylene, ethylene-propyl-
ene, polyisodbutylene, and, to a lesser extent, siloxane gums lack;ng
double bonds) remain intact for prolonged periods (years) on exposure

to ozone in atmospheric concentrations or concentrations 6f the order

: of 0.1-1%.
; TABLE 1
] Pesunu ma 0CHOSS KaFu)NOS
; wore LI:II: 3¢ l: soro
£ .33 .9 .70
i e 8,610 ,.5-0.9 8. 51
» saajmase | 20003000 20002000 8000
¢ wunn . | T2d0- | d.9tee— | 28100
-7-10=* -o.11 -840

1) Rubbers based on the following gums, 2) natural; 3) SKS-30; h)
§ polychloroprene; 5) u, cal/mole; 6) Tgs bin.
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1) Gum;-2) NK; 3) SKS-30; U4) SKN-26; 5) SKB; 6) SKN-40.
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TABLE 2
ﬁ_l Kaypepn | s | ] ‘
2 un S 1w 1,39 '
3 CKC- uo . 14,3 2.9 :
CHit2e .. .1 241 ;
IMI{N . . 4.3 v, 08 ‘
g ('K" 18 . 'l 1.\6 '
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Moderately stable rubbers are based on butyl rubber, brombutyl

rubber, and chloroprene. These rubbers crack within a few months at

‘atmospheric ozone concentrations; at ozcne concentrations of the order

'2-10'1% they crack within severul tens of minutes at rocm temp

of 10
erature.

Unstable rubbers are based on unsaturated gums (natural, isoprene,

divinylstyrene, divinylnitrite, and divinyl) and break down within a
few days under the action of atmospheric ozone concentrations.

Additlon of active or 1lnactive fillers or of softeners reduces
tﬁe'time required for appearance of ozone cracks and the time to frac-
ture under test (cr operational) conditions, the degree of deformation
remaining constant. In tests involving identical stresses addition of
fillers, especially actlve fillers, increases the time to fracture in
thé low-streés region to approximately kg/cme. All three types of rub-
ber are used commercially. Unstable rubbers require speclal protection
against ozone and proper selection of working conditions.

Under constant defo.mation the time required for cracks to ap-
pear (7,) decreases monotonically as the deformation increases. The
time to fracture (rp), which, together with 7, 1s ihe principal quan-
titative index of the resistance of a rubber to ozone cracking, des-
cribes a»cufvé with a minimun (the region of most dangerous eritical
deformation ekr) and a maximum as the deformation increases. For the

majority of rubbers Exr lies in the region of 15-20% tensile deforma-
- » 2257 | ‘
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For NK rubbers ¢, . may shift to 5%, depending on fhe*type of gum. For
polychloroprene rubdders €pr shifts to the region of deformation by
nore than 60%, while for butyl rubders 1t lies in the region of defor-
mation by more than 80%. Addition of active fillers to rubbers based
on nonpolar gume sﬁirts €pp toward larger deformations, while addition
of aortehers_to polar gﬁms shifts Exr toward smailer deformations.

A constant stress for loadvdisplaees ekr'tcwerd smaller deforma-

tions than whed e = const; two-dimensional extension shifts €xr great-

- ly toward larger deformations. Distension of the surface layer causes

displacement of € p toward larger deformations and increases the re-
sistancevof the rubber to ozone cracking. In particular, superficial
distension with water or ermospheric water vapor, which 1s espeically
important in tropical climates, somewhat increases the resistance of
NK rubbers and polychloroprene. A rize in temperature usually leads to

p? as well as to displacement of Exr toward smaller

deformations, so that v may exhibit an anomalous temperature func-

P

tion. There 1s a sherp increase in the rp of rubbers functioning at

e = const when the temperature drops (to below 0°), especially during

crystallization or vitrification The ozone resistance of rubbers un-

“der constant stress is increased to a lesser extent and even vitrified

.rubbers crack. The 1, of a rubdber under tension can be evaluated as a

P ,
function of the stress (6), ozone concentration (C), and temperature

(T) only when it doez not contain ozone-protective substances, when
its deformation is less than g, ., and over the temperature range 20-
50°. The empirical formula v, = 1,6"°C 2e"|RT 15 valid 1n this case.
Table 1 shows the orders of magnitude of a, b, u, and ro for certain

unfilled rubbers, with v expressed in min, 6 in kg/cm , c in % by vol-

P
ume, and u in cal/mole.

The formula for b as a function of the volumetric caoutchouc con-
2258
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tent (v,) takes the form b = b ~kvy

1

ot 1, where v, = v-vl/v, v 15 the vol-

ume of rubder, and v- is the volume of nongum ingredients in an equal
amount of rubber. Table 2 shows the values of b, and k for rubbers
based on different gums.

Sunlight usually accelerates the ozone cracking o: rubbers, es- ;
pecially those which are unstable. The resistance of rubbers to ozone
can be increased by adding waxy substances (which migrate to the sur-
face) or anti-ozonea-aging agents, Sy reducling the tensiie stresses,
or by creating compressi§e stresses 1n the surface layer of the arti-
cal. It is sometimes bossible to increase the resistance to ozone
‘cracking of components functioning under static deformation to 2-3
years witl. waxes. A more common technique for prétecting rubbers which
must function under static and dynamic deformations is addition of an-
ti-ozone-aging agents, the most effective of which is 4010 NAb(phenol-
isopropyl paraphenylene diamine). It has been suggested in England
that rubbers be protected by superficial applicafion of,concentrated
solutions or aqueous suspensions of antiozdnanté..Chloroprene is most
" widely used in the USSR for prodﬁciﬁg light-’and ozénefresistant‘rub-
bers, while butyl rubber and chloréulphafed polyethylene are used
abroad. Unstable rubbers are commonly protecﬁed:with anti-ozone-aging
agents and waxes, as well as by combihations 6f these subtances with
chlorsulphated polyethylene and polychldroprehe. Unstressed rutber ar-
ticles functioning in the open air are'¢39éntiglly'subject oniy to
light and light-heat aging, which alfers their. color and rigidity.
Thin-walled products (rubber and rubber-cloth membranes, protective
clothing, covers, etc.) are especially affeéted; The resistance of
rubbers to light is greatly enhanced by_aqditién‘of soqt, coating with
powdered aluminum, or additicn of anti;light-aging agents (nickel di-

butyldithiocarbamate, 2,6-d1-tributyl-1;methylphendl, 2,2-methylene-
2259 -
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bxa;u-metny1;6‘tr1buty1pnenq1;'etc.); the latter do not. alter the co-
lor of tnefrubber in 1ight. Butyl rubber, ch16isu1phat§d polyethylene,
polychlcroprene, and NK are used with the appropriate protective sub-
stances 1n the manufacture of light-resistant rubbers..5 )

Re(erences' Kuz'minskiy, A.S., lezhnev, N. N., Zujev, Yu.S., Ckis-

‘leniye kauchukov ‘4 rezin [Oxidation of Gums and Rubbers], Moscow,

1957; Zuyev.qu.s., Borshchevskaya, A.2., Metody zashchity rezinovykh
12delly ot ozonnogo rastreskivaniya [Methods of Préteét;ng Rutber Ar-
ticies:ffom Ozone Cracking], Moscow, 1957; Zuyev,gin,s., Pravednikova,
S.I., Kotel'nikova, G.V., I 1 R, 1961, No. 11; Zuyev, Yu. s., Pravedni-
kova,.S‘I. Kotel'nikova, G.V., K1 R, 1952, No. 3; Zuyev, Yu.S.,
Muloreyevskaya, V.F., K 1R, 1961 No. 6; Smirnova, L.A., in collec-
tion: Khiniya i1 tekhnologiya polimerov [Chemistry and Technology cf
Polymers], collection of translations from- the'foreign periodical
literature, 1960, No. 11; Stareniye i zashchita rezin [Ag;ng and Pro-
tectlon of Rubbers], collection of articles, Mosépw, 1960, pages 3,
27; Zuyev, Yu.S. et al., VS, 1961, Vol. 3, No. 2, page 164; Zuyev, Yu.
S.,-Postovskaya, A.F., Svetovdye stareniye, zaShéﬁita 1 retSeptuia iz-
deleniy-iz tsvetnykh rezin [I.ighf. Aging, Protectica, and Compounding
of Colored-Rubber Articles], Moscow, 1959.

“"Yu.S. Zuyev
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LIMITING CYCLE AMPLITUDE - the stress amplitude corresponding to
the 1imit of durability (or the 1imit of restricted duradility).
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LIMITING CYCLIC 5TRESS — the maximum and minimun cyelic stress

corresponding to the limit of duradbility (or the 1imit of restricted -

duredility).

2262
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LIMIT OF FORCED ELASTICITY - the stress at the instant of necking
at the weakest point on extinction of a polymer (Fig.). The limit of

Curve for extension of an amorphcus solid polymer: 1) Segment of elas-
tic deformation; II) gradual transition of entire specimen to neck;

III) extension of oriented specimen to fracture. a) Stress; b) elonga-
tion.

forced elagticity is designated as % In erystalline polymers (see
Strength of polymers) necking 18 assoclated with a fir;t-order phase

transition from the 1n1t1a1 to the oriented phase, with the chain lying
along the axis of extension. Forced deformation of an amorphic polymer

(see Highly elastic deformation) 1s not assoclated with a phase transi-

tion. The limit of forced elastic ity increases as the temperature de-
creases. At low temperatures the extension curve does not reach a max-

imum, since brittle fracture occurs.

B.M. Bartenev
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’ LIﬁIT OF PROPORTIONALITY ~ the maximum stress at which deformation

8till increases in proportion to the applied load. In engineering the

arbitrary proportionality 1imit is defined as the stress at which the |
deviation of the increase in deformation (elongation, shrinkage, shear)

"from the law of proportionality reaches a definite stipulated value:

'..ity limit in kg,

50% (sometimes lO-or 30%) for elongation on extension or bending and
shrinkage on compression and 75, 15, and 45% for shear.on torsion. The
proportionality 1imits tor extension, compression warping, bending,

and torsion are designated as °pts' G -pts’ pts sm’ pts 12g* and 'pts

respectively. The proportionality 1imit is calculated from the follow-

ing formulas: o hté’a Ppts/FO' o pts . pts/PO’ pts sm = pts/aa’

Opts izg 6“128 pts/bh (for a rectangular specimen with a width b

and a’height h), T Tots = M. pts/'ﬂd3 (for a round specimen with a dlame-
ter d) In these equations Ppt 1s the axial locad at the proportional-

Mizg pts is the bending moment at the limit of propor-

tionality in kg-cm or kg-mm, Mkr i1s the tortional moment at the pro-

pts
portiauality limit in kg-cm or kg-mm, FO is the initial cross-sectional

area of the specimen in mm2 or cm2, d is.the aperture diameter in mm or

- cm, and a 1s the width of the plate in mm or cm in warping tests. The

tansile and‘compressive proportionality limits of low- and medium-

"strength structural steels (after annealing, normalization, and high

.itempering) .and aluminum and titanium alloys are generally very low.

y-The compressive proportionality limit 1s usually 10-15% than the ten-
"’sile proportionality limit in high-strength steels and 10-205 lower

'3tthan the tensile 1limit in magnesium alloys. The tensile and compressive
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proportionality limits of cold-worked materials may differ materially;
this 1is due principally to the Bauéchinger effect. In very soft mater-

1als with a low yleld strength (e.g., copper) the value of the propor-
tionality 1limit 1s greatly affected by surface hardening during ma-

- chining; 1n such cases the finished specimen to be used for determina-

tion of the proportionality limit must de preliminarily annealed in

order to eliminate cold hardening.

'S.I. Kishkina-Ratner
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LIMIT OF RESTRICTED DURABILITY ~ a chafécferistlé’or the durabllity
of a material in the descending segment of the Fatigue curve. In tests
with a constant coefficlent of cycle asymmetry the limit of restricted
| durability 1s defined as the greatest m&ximum (with respect to ampli-
tude) éyclic,stress.at which the specimen withstands fracture for a

definite (predetermined) number of cycles. In tests with a constant

mean-stress the limit of restricted durability 1s defined as the great-

est cyclic-stress amplitude at which the specimen withstands fracture
for a definite (predetermined) number of cycles. In testing a large
number of specimens and'subjécting the test results to statistical
processing the value of the l1limit of restricted durability can be de-
fined as a function of the probability P that the specimen will frac-
ture, as the greatest maximum cyclic stress (with respect to amplitude)
or as the greatest cyclic-stress amplitude at which the specimen does -
not undergo fatigue fracture (with a probability P) during a definite

(predetermined) number of cycles.

G.T. Ivanov
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LINEAR DEFORMATION ~ elémentary deformation, which arises under

the action of normal stresses; 1is expressed by the increase in the dis-

placeument of points in a bod} in the directlion of one of the coordinate

axes; 1s characterized by elongation or contraction.

N.V. Kadobnova
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LINEAR THERMAL EXPANSION COEFFICIENT 1s & measure ot the linear ex-

pansion coefficlent (a) 18 determined from the expression @ ;55. where

1 18 the body length at 0°, and the variation of the length dl with

~variation of the temperature dT 1s taken with a constant external pres-

sure. For the determination of a it 1s necessary t§ measure accurateiy
the length of the test rod, its elongation, and_also the initial and

final temperatureé. The measurement of a is'carried7out”oh dynamometers
of various designs. For solid bodies of complei composition (metal al-

loys or,glasses) it 1s computed from the Mattisen_formula:

' -
am—Yan,

where vy is the volume of the 1-th materlal present in the alloy come
position, v 1s the body volume; in some materials afis subject to sev-
eral anomalies. Thus, for example, amorphous quartzjexpands on cooliﬁg
from —58° to —250°, while rubber which 1s stretched by a constant load
shrinks with heating. The linéar thermal expansion coeffl ient of the
plastics and rubbers 1s several times larger than for the metals, which.
must be taken into account in the deéign of reinforced plastic products
and rubber fillers, since the thermal shrinkage or'these mrterials
leads either to c¢racking or to the loss of pressure tightness. With
nonuniform cooling and heating of materials there arise thermoelastic
stresses whose magnitude depends on the linear thermal expansion coef-.
ficlent. The linear thermal expansion coefficient of the engilneering .
plastics varies over wide limits from 0.3-10° toﬂ36'105'd§ =1, The pure

resins have the highest valuesAor a (for example, for rg f ldehyde re-

4&
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sin a = 12-105). Fillers, as a rule, reduce this value.

2269
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LIQUID DIELECTRICS — see Dielectrics.
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ILKT AND LL STRIPS are woven textlile producﬁs made rrdm kapron

(LKT strip) or lavsan (LI strip) threads which have high strength in
'the f111ing direction and are used for the soft retenfion of transpar-
ent components made from plexigléss in metal frames.vTﬁis.éetention
permits quite free movement of the plexiglass relative 56 the frame,
permits uniform transmission of operational loading.aiong the entiré
perimetry of the rétention and eliminates local stress concentrations
in the plexliglass at points of restraint. The LKTﬁétrip is fabricated
by garhiturc interweaving from thrown kapron silk of Nm 34 and 12
strand; in the warp and Nm 34 and 16 strands in the f£1l11 directliors,
while the LL strip 1s fabricated by repp weaving from twisted lavsarn
silk 34/4/3 in the warp and 34/8/4 in the filling directions. The strip
wildth 1is from 70 to 110 mm with retention of all fhe maferia: proper-
ties with exception of weight'per running meter, which dependé on the
strip width. '

The LKT kapron stripping 1s recommended for the retention §f trans-
detalls operating for long perlods at temperatures no higher ti.un 80°,
while the lavsan'stripping 1s recommended for operéting tempera- ures to
150°. In order to provide for dimensionalvstability of fhe LL sirip at
elevated temperatures, it must be subjected to heat treatment at 155-

 160° for one hour; durlng the heat treatment the width and length cf
the strip will be reduced by 10-13% while the strength will increase by
10-13%. Thereafter the initial condition of the LL strip_ié’considered

to be 1ts conditlon after the thermal treatment. The LKT strip; recom-

mended for usage at lower temperatures, does not require heat treatment;
2271 o
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" The'baslc'physical and mechanical properties of the LKT and LL strip-
-}ping are presented in the Table. '

PASPMRIME Pl YTk .
3 4 'mn':‘-l mm«tnmy,w "'W;‘:“l"g‘km
2, (%) N(-».M'Inn.fl!} é
Newrs wpana | 1 wor » | Troamuns -
1 {mm) {:. we (aay per o e, bopee ,,,,,; . .
" wre g,
e enrers | a2 | e vewone] we yoey
-8 A‘I % ..B 9 lo
AXT Me2. 0 .o ‘ ] v
(TY 1260-3Y) l\m:z.s 19 (KIS A1 4590 YL -3 | .28-48
11 {1i2gale| 4 ,
A g0 vepmocbpatior. He tGonce .
»*a (BTY ':':n-n) 100428 teo A 200 (3] tR=20 3=
\ 12 l}
‘amn aveae noobps e Goare
» ”vlh 90¢ 7 1o 2.8 220 350 3130 b-46

1) Strip; 2) width (mm); 3) welght per running meter
(g, no more than); 4) thickness (mm); 5) breakin
load of each band of the strip (kg, no less than?;
6) breaking elongation (%#); 7) along the warp, band
50 mm wide; 8) along the fill, tand 25 mm wide, 9)
along warp; 10) along f111; 11) LKT (TU 1268-55;;
12) LL prior to thermal treatment (VIU T-227-59);
13) no more than; 14) LL after thermal treatment.

weo T

250,
{....

[

}‘ Maeont §

Tensile curves for the LL and LXT strigpins'in warp direction: 1) LL at

20-25°; 2) LKT at 20-25°; 3) LL at 150" (prior to long-time exposure to
a temperature of 150°); ﬁ) LL at 20-25° after exposure to temperature
of 150° for 300 hours; 5) LL at 150° after exposure to a temperature of
1150° for 300 hours; 6)
tiOR, ﬁo '

Long-time (for 300 hours) exposure to elevated temperature (up to
150') reduces the strength 6f the LL strip to 50% of the initial value;
the strength of strip tested after this at 20-25° amounted to Q4% of
the initial value. The elongations in the warp direction at failure
were equal to 34 and 59%, respectively. The figure presents the tensile
' curves for the LL lavsan strip in the warp direction at 20-25° and 150°
and for the IKT kapron strip at 20-25°, froam which we can Judge the
magnitudes of the strip derormations’which can take place w;th opera-

2272
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tion of the retention member: for window elements. These defurmatiornc
must be taken into account in the impreznation of the retentioun member
with the sealing materials. We must also take Into account the interce
aging of the LL and LKT étripping under the action of direct solar
rays. Therefore, durlng the storage and use of these strippings 1in
structures they must be protected from direct exposure to sclar radla-
tion.

A.S. Konstgntinov
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LONGITUDINAL STABILITY'- the ablility of a rod loaded parallel to
1ts axis with compressive forces %o resist passing into a state of un-
stadble equilidbrium. The force corresponding to this transition point is
referred to as the critical force. Longitudinal stability 1s one of
pmany cases of stability (plates, hollow tubes under exte:nal pressure,
etc.). Assurance of stability, particularly longitudinal stability; is
one of the principal conditicns for structural reliability, especilally
in thin-walled structures. 3oth 1ocal and general loss of longitudinal
stability may occur. | '

- Ya.B. Fridman
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LONG-LIFE STRENGTH TEST = is the checking preponderance of heat-

S e S Ml

proof metals and alloys at high temperatures, resulting in the determin-
ation of the constant stress which causes the destruction of the speci-
men (as a rule, at monoaxial stretching) for a given time interval =

and a constant temperature t. The long-life strength 1s determined

based on the results of the test of a series of equal specimens at a
given temperature, each épecimen being brought to rupture. An empirical-
ly ascertained exponential relationship is Qulid between the long-life
strength ¢ and the rupture time 1: 7T = Bé-ﬁa, (at t = ggggg); where B
and P are constants depending for the given material only on the tem-
perature t. For many materials, heat-resistant steels, for example,

this relationship is linear in éhe coordinates (log t, o (Fig.), and
this fact permits one to determine approximately the long-life strength
¢ for a useful life of some ten Fhousand houré by means of extrapola-
tion. This is, however, not alwa?s Just, a linear relationship between

o and T in the coordinates syste% (1og T, o) was not observed for the
aluminum alloys D16 and V95, fof‘example.

The relative elongation and the necking of the

) ‘:::L\\\\ cross sectioﬁ of the specimen in the moment of rup-
' ' ture can als% be determined in the long-1ife

Fig. Grap;: ,of str'ength'tes'% (by direct measuring the specimens be-

:::eiggg-:tf: fore and aftér rupture). The same equipment and de-

gggcziggoor vice are useé for the long-life test as for the

creeping tesﬁ‘(see GOST 3248-60).

References: Borzdyka A.M., ﬁetody goryachikh mechanicheskikh ispy- ti
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-1955; 'reoriyt polzuchesti'i dliiel'noy prochnosti metallov [Theory of

I.2711 . , -
taniy metallov (Methpds of Hot Mechanical Tests of Metals], Moscow,

the Creeping m'z.‘bng_.ure Strength of Metals], edited by I.A. Oding,

Moscow, 19‘59.'
| I.V. Kudryavtsev, D.M. Shur
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LONG~TERM ULTIMATE STRENGTH - see Long-term strangth.
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LOW-ALLOY HEAT-TREATABLE STRUCTURAL STEEL — steel that can be
hardened by heat treatment and contains up to 2% of a single alloying
element. This group includes manganese and chromium steels widely used
in industry. Table 1 shows the chemical composition of these steels,

while Table 2 shows their mechanical characteristics.

e L
L (]
- /
! 3
¥tz 203
3 M S zv'g
é e s
/ P~
1 i ;3
-~ B S

Fig. 1. Influence of tempering temperature on the mechanical charac-'

 teristics of 20G steel (0.19% C, 0.96% Mn). Quenching from 890° in wa-

ter and cooling in oil after tempering (blank diameter-— '20 mm). 1)
kg/mma 2) tempering temperature, °C; 3) kg—m/bm . ' '
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Fig. 2. Influence of tempering temperature on the mechanical character-

istics of 30G steel (0.32% C, 1.18% Mn): a) Quenching from 820° in wa-

ter, b) qusnching from 840° in oil (Charpy 1mpact specimens). 1) kg/hm?
2) kg-m/cm<; 3) tempering temperature, C. _ -
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TABLE 1

Chemical Composition of Low-
Alloy Heat-Treatable Struc-
tural Steels® (GOST 1050-60 -
and 4543-61) :

Caxepmanwe «t:ﬂouul sheweTE
*%
Craay

1 [ l Ma Ce

e oo | 093010 [0.7<1.0ur.28

3 PR 1003T6a [eirTiiallalts

S 280 ... | 0.22-0.20 [0.7-1.0ign.2)

HEN - DR R R i R TR PN R RINE

T asr U] 0,320,408 |0 7~1.Clau.2)

e 8.0 o0l |u.i=ti0f a2y

Qarroas 2 lak2—0.30 [0.T=1.0]c0.2)

sorlQ . | edc~0138 J0.7—1.01c0.23

1 qor ' . | 0.s7=0.85 [0.7~1.0 |<n.28

P X2 0 toalez—a.1n | 0l9—1.2]1c0.2%

13 9er .. | 09.67-0.7% | 0.9—1.2 «¥.2)

10TT Ll © | 0.07-0.18 | 1.2-1.8 |<0.29

15 381250~ [ 031030 1 1.4~t.0 <%.2%

wrz 18 | 0/36—0.40 | 14~1.8]an25

17 asr2 . 0.41~0.49 |1 .4~1.81gn.2%

sorz 18 1 0.e8—0.38 |$.4—1.8]g0 23
193X . 025933 [0.5~0.8] .81
33X 2Q {0.31—0.39 |0.5~0.8] 8.8V}
D1 35XFA .. | 0.33—0.30 [0.3-0.8} 0.n-1.}
28XA 22 | 0.35—0.43 | 0.3-0.8| e.a~t .}
23 40X €5 | 0l3¢—0/48 [ 0308 0.n~1.1
40XP 2L | 0.37-0045 |0.3~0.n] A R-it
25 45X .5 . | 0i41-0049 13 s~0.n ] 0a-id
80X 26 . | 0i46—0i84 [ 0B-0.8 ] 0 3-10

¥XI1 steels contain 0,17~

0.37% S1, while .spes 35KhRA
and 40KhR contain 0.002-C.005%
B. v o

1) Steel; 2) content of basic elemerts (g); 3) 156; 4)20G; 5) 25G; 6)
306; 7) 35G; 8) 40G; 9) 45G; 10) 50G; 11) 60G; 12) 65G; 13) 70G; 14)
10G2; 15)735G2; 16) 40G2; 17) 45G2; 18) 50G2; 19) 30kh; 20) 35Kg; 21)
35KnRA; 22) "38KnA; 23) 4OKh; 24) 4OKhR; 25) 4Skh; 26) 50Kh.

Figures 1-9 show the mechanical characteristics of certain types
of low-alloy heat-treatable structural steel after quenching and heat
treatment under various reglmes, while Table 3 shows these character-
istics at elevated temperatures. <

'As a result of the comparatively low hardenability of steels of
| this type, thelir mechanical characteristics depend to a considerabdble
extent on the cross-sectional area of the component to be hardened.
Their crttical points are shown in Table 4.

Forging and other hot deformation of low-alloy heat-treatable

structural steels presents no dirriéulti and 1s usually conducted over
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TABLE 2
Mechanicel Characteristics of Lov-Alloy Heat-Treatadble Structural Steels (cosT 1050-60
ard hsh3-61)
’ o ‘ o |Soafd o lEe
Te . o o~
Crnas mm s E !
a 2 2 e
LN Hopmaananas | 42 2% 2l Y -] -
4>:ox‘7 . a8l an fadisel < -
uar » 80! an 12250l B -
Ing 29 a2 120048 % |
. 25 » 87 ik fines 1] -
wrf0 » el 1w hitienl 6 -
145|', . €3 In Jtsiht | -
jmrl? . ” :: ": 29‘ e
‘ LD -y -
o b . 73] &4 Jau g R
] oy L] R0; 48 | Aol -]
mr:}g . a3} 23 {22050} -
s . €3 A7 (nge] =] -
sarzl » 871 39 120l ~1 -
2r2oh o 30} 70 41 piin! -§ -
20F2 L] IS 43 jer.0n | -
e Jaxamna ¢ 860° [ 9of 7o {12 ¢35 7 fIa?
Bl |7y e
7 |«187

3 Jaxaana ¢ 860° | 931 78 [19,43
52 B macAe, UT- 1

uycew apn 500°
35N PA] Suraaxa e 880° [ 83 Ao {12:50] 9 [ 217
2 u mache, e
nycx npm 560° 32
IOXA | laxoawa ¢ 280%) 98 8¢ 1250f 9 [<207
2 lyucar OTe 31

yer npn H30° 4
40X lanaJlxa(:OSQ 109! 8o [10/45] € [<217
2 B wacme, T-
nycx npam 00
L0XP | Jansaxa ¢ 860° [100
8 wacae  01- 35

80 {12,50{ & {229

nycx npm 340¢
15X Sakaaxa ¢ Bin* 1108 88 | 9145 & (<229
5 NAIe, OT-
2‘ nycn ape 520° 36
3oX daneana e 830 110l 90 | 9idof § 1<229

B Macae,
28 nycw ops 5"0'

- Hardness after annealing
or high tempering.-

1) Steel; 2) heat treatment; 3) kg/mm<; 4) k -m/bm ) 15G; 20G;
25a; 8) 30G; 9) 350, 10) uoc 11) 450 12 50G; 13? 60G; 12;; 65G
5) 70G; 16 10G2; 17) §G2 18 40G2; 19) 45G2; 20) 50G2; 21) OKh;
2) 35Kh; 23) 35KhRA 2 3éKhA25) 4010'1 26) llOKhR 27) lISKh 28) 50Kh,
9) normalization; 30) quenching from 860° 1in oil, tempering at 500°;
1) quenching from 60° in oil, tempering at 560°; gz quenching from
P ° in oll, tempering at 550° g quenching from 850° in oil, temper-
i . ing at 500°; 34) quenching from 860° in oil, tempering at 540°; 35&
: uenching from 840° 1in oll, tempering at 520°; 36) quenching from 830°
R n oll, tempering at 520°.

_¥he range 1200-800°. The most favorable structure for machinability
Kferrite + laminar perlite) 1s obtained by high annealing at a tempera-
-  Lure 30-50° above fhe critical point Ac3; such steel is readily qut.
he weldabiiity of low-alloy heat-treatable structural steels 1s go§-
;_rned principally by their carbon content. At 0.30% C or more it ;s
'fécommended_that the'qomponénts be annealed or tempered after welding
to prevent welding cracks. Steel with a C content of 0.40% or more 1s
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TABLE 3

Ultimate Strength of Certain'Typcs of Low=-Alloy
Heat-Trecatable Structural Steel at Elevated

e e i A 2 st A o

Tempe ratures ‘
Temir-goa ( 1)
Cram|  Tepume. oOpmborna 20 | zao [ 2en | une | oawa | 430 | sau | 600
1 2 - n ~y ‘l;::.’)
10
S sor Hopeasmwiann - (2'5" 1) (%) " - - -
. u*)
oanr Tows 11 - - - - |- v - -
sorT D - 14 1" - | #a - Y] -
3 s0x :lna::no ) n-cfe. ornyx! NS 19 (1] a0 | 68 (1] M -
upm 500° < .
9lI‘A KELEYTTN Ir‘.'{. ornyen| 93 [ 1) (1] - ™ (1] [ - v
ad '!L npem $30° 1 9 :
To we, ormycn npw BA0® " (1] — - s .31 44.8] 43 29
To we, ornycn npultﬁzo' (Y} - % we | e 21 1 21

1) Steel; 2) heat treatment; 3) temperature (°C); 4; o (kg/hma); 5)
20G; 6) 4oa; 7) §oo; 8) 30Kh; 9) 38KhA and 40Kn; 1u) nBrmalizatilon;

11) the same; 12) quenching in oll, tempering at 500°; 13) quenching
in o011, tempering at 550°; 14) the same, tempering at 680°; 15) the

same, tempering at 720°. '

TABLE 4

Critical Points of Low-alloy Heat-Treatable Struc-
tural Steels

Craxe

Kparuercxme
TON "
| v | qor | aor | s | aar | gsrz] dox I‘?s’;: sx | sox

12
A, Q) . ... 728 | 723 | r2s | vas | ras [ s | 730 } 130 | 730 | 730
A 00) ... — | 812 | 100 | e | 768 | 723 | w13 | a8 | 18 | 168

13 Critical points; 2) steel; 3) 20G; 4) 30G; 5) 40G; 6) 50G; 7) 60G;
8) 45G2; 9) 30kKh; 10) 40Kh and 38KhA; 11) 45Kh; 12) 50Kh

F&e‘:ﬂ:
» 7
i w3
) 20 &
ED s .
< \\ “rr-'
1 D :
oL 1 Ll Je
0 40 120 MO0 200

2  Avemsnp serenseny, sn

Fig. 3. Influence of dilameter of quenched articles on mechanical char-
acteristics of heat-treated 40G steel (0.43% C, 0.70%4 Mn). Quenchirg
from 840° in water, tempering at 550°. (Dashed curves — characteristics
near edgs of blank, solid curves — characteréstica at center of blank).
1) kg/mm<; 2) blank diameter, mm; 3) kg-m/cm€.
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Fig. 4. Influence of tempering temperature on the mechanical character-
istics of 50Q steel (0.46% C, 0.80% Mn): a) Quenching from 850° in oil;
b) quenching from 800° in water. 1) kg/mm2; 2) kg-m/cm?; 3) tempering

temperature, °C; 4) longitudinal test; 5) transverse test. -
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Fig. 5. Influence of tempering temperature on the mechanical character-
istics og 60G steel (0.60% C, 0.77% Mn). Quenching from 950° in oil.

1) kg/mm®; 2) tempering temperature, °C; 3) Izod test; 4) Izod impact
strength, kg-m. :
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Fig. 6. Influence of tempering temperature on the mechanical'characterb
istics of steel containing 0.28% C and 1.43% Mn. Quenching from 850° in
water (blank diameter — 60 mm). The dashed curves represent character-
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istics at the center of ;the blank and the solid curves characterlstics
near its edge. 1) kg/mm“; 2) tempering temperature, *C; 3) kg-m/cm€,
TABLE 5

Heat Treatment, Mechanical Craracterlstics, and
Applications of 4OKh and 38KhA Steels

Tepmun, oy nt 1 : ., Caoperma 1 fipeuevenne
’ . e - .
l“(l.m ¥ LIRS n(u' RHON® B W, o1. q. ce {00 el mm? 2 Jdetian, pebrinunwe apm cpeansg
NHYCK upm Hon A, 8 wment YACARMUL J RN ANAR, BECTP| NN,
e . MARN PN, B4R B BOIMBUANAL
o K40~ \ .
b To we, oty n lips 54 a1 o, A a2 and O RIS, SRR 40k, AR
’ ) - BNe RN, wEB R Y. N A
O 3axianys ¢ v '-~~“u'. B M, Ore e, - 18" a7 mm? Jltaan, paloraveane Bpe BOSWER.
BYCR Hpw NG~ KC *45=3 YIANINE TARACHERTY, WECTe NN,
DIOREPTHAC AR CIKAIRD ¢ HITRERNW RC -48-%1 RURICTN, pORUN, PrTped PRADOS
TURAMM Rt oRoR WacHITL Iy R Raocas (WTIAR N 108 KW KNeTS
NPE PR~ 007 (DO T NSO PR 84T TPME HIIAE W8 ® 2P, NOE LIEHTHE-
WO ACAANNA TETAIN WHOFTAE NOYe Topos vanpamenafl)
PEDEANITER  AKAAKE € T TY -
8 ”\uu! BIICOERM TR NOM)
{RAKOCTIAR New AR (BRANRO- RC =55 u 8oace drraaw, paloravmme @ sutonsz
BINEF), BINALTKA B WaCH, UTAYICK J2e R0t RIGMURANE e
ape 200* 11 ik

1) Heat treatment; 2) characteristics; 3) applications; 4) quenching
from 830-850° 1n oll, tempering at 500°%; 5) the same, tempering at 540-
580°; 6) quenching from 830-850° 1n o1l, terpering at 180-200°; 7) sur-
face quenching with high~frequency electric heatling, tempering at 180-
200° ?the canponent is sometimes quenched and high tempered before sur-
face quenching); 8) liquid gementation (cyaniding), quenching 1in oil,
tempering at 200°; 9) kg/mm<; 10) kg-m/cme; 11) or more; 12) components
to operate under rmoderate pressures, gears, spindles, shafts for roll-
- ing-contact bearings, worm shafts, splined shafts, axles, etc.; 13)
components to operate at high pressures, gears, spindles, racks, water-
pump rotors (these components should not have sharp notches or other
stress concentrators); 14) components to operate at high pressures.

2, N 12 1850
140 70 g 728 {500
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" Flg. 7. Influence of temperlng temperature on the mechanical charac-
teristics of 45G2 steel (0.45% C, 1.46% Mn). Quenching frog 810° in oil

(blank diameter — 25 mm; Charpyaimpact specimens. 1) kg/mm<; 2) temper-
ing temperature, °C; 3) kg-m/cm<.

q;fficult'to weld, whille a C content of 0.50% or more makes steel un-
gsuifable for welded components. The best combination of‘mechanical
characteristics'is obtained 1in steels of this type by quenching and

' sdbsequent tempering. Water is used as the quenching medium at C con-
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‘Flg. 8. Influence of low temperatures on the impact strepgth of 40Kh
and 38KhA steels. Quenching from 860° in oll. 1§ kg-m/cm<; 2) termpera-
“ture, °C; 3) tempering; 4) normalization. '
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Fig. 9. Influence of tempering temperature on the mechanical charac-
teristics of 50Kh steel (0.47% C, 1.25% Cr). Quenching from 820° in
gil (blank dlameter — 50 mm). 1) kg-m/cm®; 2) tempering temperature,
c. . . : '

‘ tents of up to 0.30%, while oil 1s used at higher C contents. Large

compcnents are an exception, belng quenched in water to ensure the ne-
cessary hardenability. C.,oling in an aqueous emulsion 1s employed 1in
surface quenchlng with high-frequency electric heating. When quenching
in water is used tempering must:be'cafried out as soon as possible, in
order to avold development of quenching cracks. Compbnents of low-~alloy
heat-treatable steel are usually subjected to high tempering. Compon-
ents intended to under cementation or'cyaniding are an'exception;'being
tempered at 160-180°, Tempering after surface quenchingris conddcfed‘at
f200°.‘ ‘

mhe most widely uéed steels of this typé are 40Kh and 38KhA;‘Tab1e
5 shows the app. lcations of these steels and the heat-treatment regimes

'employed.
2284
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Refeéences: Spravochnik po mashinostroit:l'nym'materialam [Hand-
book of Machine-Building Materials], Vol. Hoscos, 1959; Avtorodil'nyye
stall [Automobile Structural Sheels], Handbook, Moscow, 1951; Davy-
dova, L.N., Pshechenkova, a.v;, Konstruktsionnyye stall [Structural
Steels], Vol. 1, Moscow, 1947

Ya.M. Potak
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' LOW-ALLOY STRUCTUMAL STEEL — high-strensth itcel with 4 total ale
loying=element content of no wore than 8=4,9%, Firuiiu't it 2 shuw Lhe
lnrluence of 1nd1v1dual alloylny elements on the (hj!ﬂfttll Ateo of

'thete steels.

TABLE 1 C v
-~ Chemlical Composotion of Low—Alluv Structural Steels Accordline to GUST
. 5058-)7 , . S ,
o 1 t ' ‘ “ ! . { -. : “ ‘o

LY s U RN ‘ w i ‘( O T N . [Urs
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lg Steel; 2) content of elements (%)} 3) no rore than; 4) 1565; 5)
GES 65 25628 (25Gs); ;) 1GG23SD (MK} ; 8) 14KnGs; 9) 1CKhSKD (SKhl-4):

15KhSND SSKhL—l), 11 iZKhG (BN S 12) 15KhGh, 13) 1963,1“) 0962;

15 14G2; 16) 35GS. .

Low-alloy structural steels are used In riVetéd and welded struce-
fures. Their advantages over St. 3 low~carbon g;eéf.(for which they are.
used as a substitule) lnclude a higher %, and %.2 corblned with satis-
factoiy plasticity, a lesser tendency toward aging, and less cold short-

'neas; in additicn, the modulus of elasticity or'low-élloy structural
steels 1svno nilzher than tnat of'lpﬂAcafbén'steel.”'m S e
Low=alloy steel is more sensitlive to stress.cpncentrators (hbles,

welds, etc.), so tig the fatlgue strength of a nurber of typlcal welded
' ' 2286 "
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Fig. 1. Influence of aéloying elements on the ultimate strength of low-
carbon steel. 1) kg/mm<; 2) alloying elements, &,

TABLE 2

Mechanical Characteristics of Low-
Alloy Structural Steels According
to GOST 5058-57 (no less than)

Th3- °
(=Y 1T ' (R} o Sarnd
Craan ] | npo- b jenaan] () 1 aimen
nare encrotiien ®
{mm) ne wewee
1IIC. .6, .. .| s8] 30 33 18 | 100%, en2a
1120 48 T 1
181°C . x_ . |40-%0] 30 30 14 1R8°, ¢224
srac (asre) "8 1 640 60 40 14 20°, o=/
Q27 (MK) . §~321 S0 3 is 180°, ¢ 2a
20 - [ A=10] 30 1y 19 | 190°, ex2a
11~20 b0 34 18
toxcHy 11
X34 .. . 4=-32] 84 40 18 | 180° e
12 33-40) 31 a 13
13XCR
13,4GX-0. .o | 4221 82 33 19 | 180 en2a
12XT (GHIED | 920 48 23 13 -
1XrE 3. .| 4-10] 82 36 18 -
1H-201 49 2 18 -
"wr1s..... 0] ar 30 18 | 130 eale
or: . 16...14~10] s 2N 18 | 180, cele
t1-24| 45 30 18
nur2. .17. 2530 44 1 18 | 100, enla
sre a3 8 31| se ense
. . - (4]
18 e—10| o0 ] 14 '

¥Jee — straightening thickness,
a - rolled-sheet thickness, d —
rod dlameter.

1) Steel; 2) rolled-sheet thickness; 3) kg/hma; 4) no less than; 5)
cold bending; 6) 15GS; 7) 18G2s; 8) 25G2S {2503); 9) 10G2SD (st; 10
14KhGS; 11) 10KhSND (SKhL-u); 12) 15KhSND (SKhI~-1); 13) 12KhG (BNL-2);
14) 15KhGN; 15) 193; 16) 09G2; 17) 14G2;18) 35GS.

joints is no higher than that of identlcal welds in St. 3 low-carbon
steel. For more effective utilization of low-alloy structural steels in
welded structures it 1s necessary to make smooth structural seams, to

machine welds in dangerous areas, to harden the Joints by cold working,
2287

IEATRLPY TR AP R ¥ ol SRR Y e e s

LSRR ENS S

P S



i

¢
¥

et AT L e e

. i s = e

’& III-103s2

TABLE 3
Chemical

Composition of Low-Alloy Structural Steels,

as Set by Special Technical Specifications

£  Courpwanas s8eweictos (%)

Cram » &« [ m| s | r
1 ¢ Ma s cu n T
Ll Rt (R E] H= ] [l E Rt R EE D
1) Steel; 2) content of elements (%); 3) no more than; 4)

109G2T (M

étc. Many types of

; 5) 16GT (3N).

TABLE 4

Mechanical Characteristics of Low-
Alloy Structural Steels, as Set by
-Speclal Technical Specifications
(no less than)

1 "?._ o [%sla oy (n2m ey
Craxs [ CFY ‘.’,“, npe reNn-pe
(mm) § i B e T
(e wa) 200 | —an | ~70e
Jducrosan crass
2T (M)} 410 138, 0135,.0
1218 [ 48,0133.0
T 2024 148.0[N2,0
2030 147,017 o] 18 [ ] 3.5 3,0
32-48 146.0[ 30,0
Sh—s0 [43.0] 24 4
82180 44.0)27.0
16T Ay 4—10 Js0.0l33.0
$2~16 150,01 32,0
8 18--30 (48,0} 30.0 18 ¢ 3.0 1.5
32-60 [47.0]29.0
$2—-16u{48.0]28. ¢
E@aconnuft aponar
OS2T (M)| a0 10 158.0135,01 18,0 ] - -
16IT(3H)] a0 10 (30.0)3).0| 13.0

1) Steel; 2) thickness (mm); 3)
kg/mma; 4) a, (kg-m/bma) at tem-

perature of; 5) sheet steel; 6
roller shapes; 7) 09G2T (M); 8
16aT (3N).

low-alloy structural steel have an increased resis-

tance to atmospheric corrosion. Nickel, copper; chromium, and phosphor-

ous are elements that enhance corrosion resistance; simultaneous addi-

tion-of copper, phosphidrous, and nickel to'the'steél’ has an especially

fnraybrabieferfect.V

- . - . . P v - L. T
T fits v Riai e gl 30 L O L W s

LA S [T
- Lok

20 She -mihimum value of @ ‘at-40” 'or after cold working and aging at

xaoffis'noﬁless“than'3'kgam/bm2‘fbr'bolled~3heets up to 20 mm ‘thiék!-The
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a, of 1OKhSND (SKhL~-4) steel should be no less than 4 kg-m/’cm2 for
rolled sheets 10-15 mm thick and no less than 5 kg-m/bma for sheets
16-32 mm thick. Figures 4 and 5 show the impact strength of certain
types of as-delivered cold-worked and aged low-alloy structural steel

at different temperatures in comparison with that of rimmed and killed
St. 3 low=-carbon steel.

_‘ A/”f r
P
gi,?o I/Cu
!gww ]
S c
§§~60 AN A 5
&
-.;-‘0 had
1 [ f] 3 4

Morpyouve reepmes X

Fig. 2. Influence of alloying elements on the transition temperature

of embrittled low-carbon steel. 1) Transition temperature in embrittled
state, °C; 2) alloying elements, %.

/'
l L2 o
& o KN

b scnmmere, surage

Fig. 3. Loss 1n welght of specimens of low-alloy structural steel under
the atmospheric conditions of an industrial city (Moscow St. 3; 2)

: 1
15GS; 3) 10G2SD (MK); 4) 15KhSND. a) Loss in weight, g/h%; b; test time,
months.

]

2 é’ﬂ
VRl

4 ’/

a a "(4

b’ -“7-’01‘

Fig. 4. Variaticn in the impact strength of low-alloy structural steels

as a function of temperature: %) 1?KhSND; 2) 10G2SD (MK); 3) killed St.
3; 4) rimmed St. 3. a) kg-m/cm€; b) temperature, °C.
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- rimmed St. 3. a) kg=-m/cm
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Wi
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b <"

-Fig. 5. Variation in the impact strength of low-alloy structural steel
‘cold worked by 10% under tension and aged at 250° for 1 hr as a func--ﬂ

tion of temperature. 1) é5Kh§ND 2) lgGQSD (gﬁ), 3) killed St._3,, )
b) temperature, .

Rolled sheet steel more than 25 mm thick intended for we‘ded atruc-

tures is supplied only in the heat-treated state. Rolled sheets of 1oxn—

SND (SKnL-4) steel more than 15 mm thick are supplied heat~treated?
. Steel fbf welded structures 1s supplementally deoxidized with aigmihum
_and t1tantum.

Types 0902 1&62, and 1505 steel are used in the construction in-

‘ dustry.,Typea 09G2 and 10G2SD are employed in railroad-car building,
““types 10G2SD and 10KhSND in shipbuilding, types 1SKhSND and 1062SD in

bridge bullding and for extremely critical structures, types 18GQS,
25028, and'BSGS for concrete-reinforcement rods, types 19G and 1l4KhGS

;ror gaa and petroleum pipelines, and type 12Kh0 for sheet piles.

A number or types of low-alloy structural steel are produced 1n

-accordance with special technical specifications: specifically, 09G2T

'(M) and 160T (3N) steels are used for especlally critical welded struc—
 tures. Tables 3 and 4 show the chemical composition and mechanical

" characteristics of these types of steel.

References: Delle, V.A., Legirovannaya konstruktsionnaya stal':

: [Alloy Structural Steel], Moscow, 1953; Issledovaniya stroitel'noy | ‘
‘*;fstali IInvestigation of Structural Steel], collection of articles, edi-‘:_'
B ted by N P. Shchapov, Moscow, 1960; Leykin, I.M. Chernashkin, v.a., ' 
’A1N1zkolegirovannyye stroitel'nyye stall [Low-Alloy Structural Steels),
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Moscow, 1952; Kanfor, S.S., Korpusnaya stal' [Framing Steel], leningrad,

1960; Gudremon, E., Spetsial'nyye stall [Special Steels], translated
from German, Vol. 1, Moscow, 1959.

E.Sh. Volkhovyanskaya
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LOW-CARBON HEAT-TREATABLE STEEL - steel containing 0.1-0.4% carbon;
it is subjected to quenching and tempe:ring or to self—temperlng; Steels
of this type are characterized by high strength combined with high
plastlcity and 1mbact strength and a low threshold of cold-shortness.

. .
L)
| 11*‘ EEERECH
e 50
-II! [ {1
? 3 cl
rgpﬁ
o
~ $
” 2 3.
5
MNCIS oL
b H L]
3
“% N0 4809 400 00 0 R0 w0 o .
Teanspenype smeyces. °C

Fig. 1. Variation in the characteristics of type 20 steel bars (d = 20
mm as a function of tempering temperature after quenching in water from
900° (specimens cut along blank axis). 1) Coercive force H,, oersteds;

2) kg/hmz, 3) true fracture stress 8,3 4) tempering temperature, °C; 5)
kg-m/bmz.

The following types of steel are subjJected to heat treatment:

MSt.3-MSt.5 open-hearth steel, BSt.3-BSt.6 Bessemer steel (GOST 380—60),

KSt.3-KSt.5 converter steel (GOST 9543-60), 15-35 and 15G-35G high-
quality structural steel (GOST 1050-60), and low-alloy structural steel
(GOST 5058-57). Killed and semikilled steels are recommended for ther-
mal hardening. As expefience hz2s shown, it 1s possible to replace a num-
ber of types of low-alloy steel wlth heat-treated carbon stegls; Figures

1-2 show the variation in the characteristics of steel bars 20 and 55 mm
2292
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Fig. 2. Variation in the characteristics of type 20 steel bars (d = 55
mm) as a function of tempering temperature after quenching in water
from 900° (specimens cut: a) at a distance equal to half blank radius
from blapk axis; b) along blank axis). i; Coercivs force H_, oersteds;

2) kg/mm<; 3) true fracture stress Sy kg-m/cm<; 5) temfering tem-
perature, °C.

in diameter containing 0.19% C, 0.56% Mn, 0.27% Si, 0.017% P, and 0.017%
S (type 20 steel according to GOST 1050-60) after quenching from 900°
in water and tempering for 1 hr. The characteristics of killed St.3

 steel (0.18% C, 0.55% Mn, 0.16% Si, 0.014% P, and 0.042% S) sheets

400 x 135 x 11 mm in size after quenching from 900° in water and temper-
ing for 1 hr are shcwn in Flg. 3. Plgure 4§ 111ustrates the charﬁcterle—
tics of lcw-alloy 19G steel (0.14% C, 1.12% Mn, 0.22% Si, 0.020% P, and

1 0.040% S) sheets 400 x 300 x 12 mm 1in size after quenching from 870°,

tempering for 1 hr, and subsequent cooling in air. In all these figures

~ the horizontal dash line fepresents the characteristics of the steel in

the_hot4r011ed state. Research indicates that the characteristics of
| ' 2293

il

s



III-10982

steel hardened by prerolling heating are similar to those of steel
hardened by separate heating. Thermal hardening reduces the cold short-
ness of the steel. The weldabllity of thermally hardened carbon steel

is essentially the same as that of hot-rolied carbcn.steel.

Low-carbon heat-treatable steels are presently -used in the ranu-

. facture of concrete-reinforcement rods, thick sheets, broad EErips'for
B “bridge nuilding, and petroleum pipelines. Ekoerimental batches of rolled
gshapes have been produced, some experlence has been amassed in the manu-
facture of high—pressure vessels, etec.’ |

. )

a ‘ 80, I
ig; I N AT
1¥ﬁ 3\ N
Y 0ba
Hptem s
} 39 éa oty i
Wi Wi
£5R% 29 o -
L2 mo
100
3 N ;g gy Cy
»
;:.- gg b 4 - ) |
b‘g;z,& Y . NI
w70t ‘
>65 ¢
" gg . ety
Jgi b & \
.'3 1] = - -y 2, [
h ”0 200 saoo $00 200 400 600
Temepamype MM‘C
Flg. 3. Variation 1n the characteristics of type St.3. (killed) steel

quenched in sheets 12 mm thick as a function of tempering tempe:ature:
a) Along rolled producg b across rolled product. 1) Coercive force
o

, oersteds; 2) kg/mm<; true fracture stress S,; &) kg-m/cm<; 5)
tgmpering temperature, C. . o

Low-carbon heat-treatable steel reinforcement ron for prestressed
concrete structures are produced in round and perlodic shapes with d =
= 10-40 mm. They can be divided into four classes in accordance with |
‘thelir mechanical characteristics: At-1V, At-v, At-VI, end At-VII (GOST

5781-61).
- 2294
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Mechanlical Characteristics
of Heat-Treated Armature

Steel® !
E
) 281y
§E ’, %50 ! =§3! ;
- (wnrn (nsem- 14 i ;
ig masnnn®) | mexsnut | g1 !_: i
lc l - / .55 ¢
.| 3 2| &t
!
tle| 3eemn |Z] 32
- [} 8,48 (Ced )
et HER R o1
Ar~V1 120 {00 4437 = L))
Ar—Vli 140 120 $ 43 (L = dd)

*Rod d = 10-40 mn.

1; Class of thermally hardened armmature steel; 2) minimum; 3) kg/hma;

h no)less than; 5) bend testing in cold state (C — straightening dila-
meter).

o L] L
- TITT
#%T >
1 5"; -
OP. =2 T
300
280 e ~o
Lro0
A ey e I o o o
00
!!‘-7{3 J]
a S
!l%uc [~ A !
Seqno
i} 4 ‘
2 -f‘" AT ¢
3;; N
&30
40
"« 70 ﬁ\
0
gw " [-]
;...
;; e
’ 4
Pl ] 1
ﬁ
e
oy
s .
” I
0 FOF 40 800 0 200 00 60
L Tomepamype awoycwe, ¢

Fig. 4. Variation in the characteristics of 19G steel after quenching
end tempering: a) Along rolled product; b) across rolled product (for
stecl containing O.14% CE. 1} Coercive force H_ , oersteds; 2) %true frac-
ture stress Sk; 3) kg/mm<; 4) tempering temper3ture, °C.

Such rods should be supplied with guaranteed 95.20 Oy and 6

5 and

should be sble to withstand cold bending.
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Broad-strly hot-rolied (gereralepurpoze’ - M
. . e I S Sl Yon ..
for tridge bulldirng s supplled in accordarnte wit 2.0 it Heas ;

treatrent 1s carrled out to ensure the recrav $cal characterliotlics re-

qulired by the COST.

References: Starodubov, Ye.F., Borkovskly, Yu.Z., ip collection:
Sovremennyye problemy metalurgll [Contemporary Problems. of Metallupgy],
Moscow. 1958; Jdem, Metallovedeniye 1 term;cheskaya obrabotka‘metallbv
[Metalworking and Heat Treatment of Metals], 1961, No. 5; Idem, in éoie
lection: Metallovedeﬁiye 1 termlcheskaya obrabotka stall 1 chuguna'_
[Metalworking and Heat Treatment of Steel and Pig Iron], Kiev,,196b-6é
(Tr. In-ta chernoy metallurgii [Transactions of the Institute of Fer-
rous Metallurgyl], Vol. 13-14, 18); Krasil'shchlkov, Z.N. et al., Ter-

micheskoye uprochneniye nezakallvayushcheysya uglerodistoy stali [Ther—
mal Hardening of Unquenched Carbon Steel], Leningrad, 1960 Pridantsev,
M.V. et al., Stal' [Steel], 1958, No. 5; Pridantsev, M. v., Levinzon,
Kh.Sh., Ibid, 1956, No. 1ll1; Starodubov, K.F. et al., Izv Vysshikh ucheﬁ}

zavndeniy. Chernaya metallurgiya [Zulletin of Higher Educational Insti-ﬁ

‘tutions. Ferrous Metallurgy], 1961, No. 1, 2; Aborn, R.H: , Trans. Amer

Soc. Metals, 1956, Vol. 48, pages 51-85.

K.F. Starodubov

. 2296
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LOW~CARBON THIN-SHEET ELECTRICAL STEEL — see Electrical 1iron.
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. LOW-MELTING ALT<S are alloys with melting ;oint below about 200°.

The low=-melting lloys consist of bismuth, tin, cadmium, lead, indium

ard other metals (see Teble). They are used in thouse cases when easy

Chemical Composition and Melting Polnt of Low-Melting

- Alloys

v . - Xustitderkull ereran (%) ;‘-1;'3
Canan € 27

. 1 [E] Sn Pl cd ¥zz 3
Ccamehyma U L 4 FER S 1.8 o8
%) HernepuadA oRTeRTHKA . . . . . . . . - 49,5 13 27 1.5 70
Y 'J‘!{-rnnnnunuﬂ cnaae L G ... ‘::7.5 16 '_'7..; J‘A": 73
ome T LT e e e S1) - 42, . M
q Tpokuan  2steRTHKa . . . . . . . PO . P 5.5 2 - 98
Jerxonnasunt cnaas 9 .......... g(: [ 20 - 130
w . [ i K] th - 100
z:na: Poae 1 o 1 20 az ;s - 1040
Tpofuan ODARCHTHEA o9 o - - . . o - . . 54 28 - an 103
Cnars 37H MOTPHIL . B A, 48 14.5 u8.5 9 108
Rucsyrown® upnuek . . .12, . . . . . .. 40 o ) - 113
TpoAHAR DOBTCKTHEAE | . . . e - 1.4 30,4 i8.2 142
Cnnas YA TONHOTO JHTHHA . . B 40 60 - - 139
Cosas ¢ Bn3xoR TeMn-poRl  nAABNCHAN . ILI»‘ . 23.% 29.5 &7 - 152

Alloy; 2) chemical composition (%); 3) melting point

1
(20); 4) Wood's alloy; 5) quaternary eutectic; 6) low-

melting alloy; 7) same; 8) ternary eutectic; 9) low-
" melting alloy; 10) Rose alloy; 11) matrix alloy; 123
bismuth solder; 13) alloy for precision casting; 14

al

fusibility

oy with low melting point.

is required. The metals which have low melting poihts alloy

with the fbrmatibn of eutectic blnary, ternary and quaternary mixtures, -

thanks to %hich the melting points of such alloys reach very low values.

The lowest
tion 44.7%

loy composﬁ

melting point (47°) 1s that of the alloy with the composi-
Bi; 22.6% Pb; 19.1% In; 8.3% Sn; 5.3% Cd. The following al-

Ltion containing mercury 1s used for taking anatomical casts:

53.5% Bl; 19% Sn; 17% Pb; 10.5% Hg. Its melting point is 60°. Bismuth

1s the basic component oflthe majority of the low-melting alloys. Low

shrinkage of the alloys, and at times 1ts complete absence, is prbvided

2298




.-

e —————————— e Pramr . ans R

1A

by the preacnce cf the blamuth, and in scme cases aﬁtiruﬁy. T eea mo.
tals have the property of expanding 2trongly dﬁridg_eclidific ticn. The
low-melting alloys which do not shrink are used 1n:pfecision casting
for the preparation of models, andlother low-relting alloys are used in
electrical engineering (fusible breakers, sprinkler heads, etc.), in
the bending of thin-all tubes and, for fusible bars used in the fabri-
cation of hollow bodies by the method of eléctrédepOSLtion

Reference: Spravochnik metallista [Metal Worker's Hondbook], Vol.
3, books 1-2, M., 1959.

Q.Ye. Kestner
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LOW-MELTING SOLDERS - lead and zinc alloys, as well as tin, cad-

mium, and thelr alloys. Four- and five-component alloy;mgf_;pﬁium, bis-

.huth, tin, cadmium, lesad, and gallium are the lowest-melting (see Espe-

cially low-melting solders).

The most commonly used low-melting solders are those consisting
of tin and lead, which are usually hardened with antimohy (Tables 1
and 2). These solders are employed for copper and copper alloys, steel,
and iron, but use of antimony-containing solders for zinc and galvani-
zed iron 1s not recommended, bacause of the 1ncreased brittleness of the
joints. Tin-lead -:o0lders have high technological characteristlics and
are employed with various fluxes (Tabié%%j:”Joints“soldéfééfwithvtiné”
lead solders can function at temperatures‘of from near absolute zero to
+100°. They are weakened at higher temperatures. Soldered Jointsvsub-
Ject to impact lo?ds for considerable deformatlion during operation can

function only at temperatures above the cold-shortness temperature of

the soider. For example, the cold-shortness temperature of POS40 solder

is approximately —30°. Lead (£250°) and cadmium (up to 250-300°) sol-